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(57) An optical element holding apparatus (39) pro- 
vided with a holding portion (43) for holding a flange por- 
tion (38a) of an optical element (38). The holding portion 
includes a bearing surface block (50a) having a bearing 
surface (49) ; which contacts the flange portion, and a 
bearing surface block support mechanism (51), which 



rotatably supports the bearing surface block about a tan- 
gential axis (Y) of the optical element. This structure 
holds the optical element (38) with the optical element 
holding apparatus (39) in a kinematical manner and 
maintains satisfactory imaging performance in the opti- 
cal element. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an optical el- 
ement holding apparatus for holding an optical element, 
and, more particularly, to an optical element holding ap- 
paratus for a projection optical system of an exposure 
apparatus which is used in a photolithography step per- 
formed during a process for fabricating micro devices, 
such as a semiconductor device, a liquid crystal display 
device, an imaging device, or an thin-film magnetic 
head, or in a process for forming masks, such as reticles 
and photomasks. 

BACKGROUND ART 

[0002] As shown in Figs. 1 and 2, a conventional op- 
tical element holding apparatus 200 has a ring-like 
frame 202, which houses an optical element 201 , such 
as a lens. Three bearing surfaces 204, which support 
the optical element 201 , are arranged on the inner wall 
of the frame 202 at equiangular distances. Screw holes 
205 are formed in the top surface of the frame 202 at 
positions corresponding to the bearing surfaces 204. 
Bolts 207 are fastened into the three screw holes 205 
by means of three respective clamp members 206. 
[0003] The fastening of the bolts 207 clamps a periph- 
eral flange 201 a of the optical element 201 between the 
clamp members 206 and the bearing surfaces 204. This 
holds the optical element 201 in the frame 202 at a pre- 
determined position. Even when force is applied to the 
optical element 201 in a direction intersecting the optical 
axis of the optical element 201 , the clamp members 206 
prevent the optical element 201 from being displaced 
and stably hold the optical element 201 . 
[0004] Due to the miniaturization of semiconductor 
device patterns, a projection optical system of, for ex- 
ample, an exposure apparatus used to fabricate semi- 
conductor devices is required to have higher resolution. 
To acquire higher resolution, it is important that the op- 
tical element 201 be fixed when maintaining the optical 
performance of the optical element 20 1 of the projection 
optical system. That is, to maintain the optical perform- 
ance of the optical element 201 , changes in the surface 
accuracy of the optical surface of the optical element 
201 must be minimized when the optical element 201 is 
supported in the lens barrel of the exposure apparatus. 
[0005] The optical element 201 is placed on the three 
bearing surfaces 204 and is clamped by the clamp mem- 
bers 206. The surface shape of the clamped optical el- 
ement 201 is affected significantly by the machining ac- 
curacy of the bearing surfaces 204 (the positional rela- 
tionship of the bearing surfaces 204), the clamp mem- 
bers 206, and the peripheral flange 201 a of the optical 
element 201. In other words, machining must be per- 
formed with extremely high accuracy to make the bear- 
ing surfaces 204 identical and arrange the bearing sur- 



faces 204 in the vicinity of the ideal positions so that 
such affect becomes subtle enough to be negligible. In 
addition to the bearing surfaces 204, the clamp mem- 
bers 206 and the peripheral flange 201a must also be 

5 machined with extremely high accuracy. This makes the 
machining of the individual members very troublesome 
and increases manufacturing costs. 
[0006] Even if the bearing surfaces 204, the clamp 
members 206, and the peripheral flange 201 a were ma- 

10 chined with extremely high accuracy, the frame 202 may 
slightly be distorted when the frame 202 clamping the 
optical element 201 is fitted in the lens barrel. Such dis- 
tortion slightly changes the positional relationship of the 
bearing surfaces 204 and distorts the optical surface of 

15 the optical element 201 . This lowers the optical perform- 
ance of the optical element 201 . 

[0007] Further, the pattern miniaturization requires a 
projection optical system, which has extremely low 
wave front aberration and distortion. To meet such re- 
20 quirement, the optical axis of the optical element 201 
must be aligned as accurately as possible in the projec- 
tion optical system. 

[0008] To accurately position the optical element 201 
and align the optical axis of the optical element 201 , an 

25 outer surface 202a and a bottom surface 202b of the 
frame 202 are connected with an inner wall and receiv- 
ing portion of the lens barrel. Thus, there is subtle free- 
dom when the frame 202 is attached to the lens barrel. 
It is therefore necessary to attach the frame 202 to the 

30 lens barrel with meticulous care. This is troublesome. 
[0009] Furthermore, if the frame 202 is inserted in the 
lens barrel in a slightly tilted state and fitted to the lens 
barrel with excessive load applied to the frame 202, the 
frame 202 may be distorted. The distortion of the frame 

35 202 produces an unpredictable stress on the optical el- 
ement 201 , thus lowering the accuracy of the optical sur- 
face of the optical element 201 . 

DISCLOSURE OF THE INVENTION 

40 

[0010] It is a primary object of the present invention 
to provide an optical element holding apparatus that 
maintains the optical performance of an optical element 
in a satisfactory manner. 
45 [001 1] It is a secondary object of the present invention 
to provide an optical element holding apparatus that po- 
sitions an optical element in a facilitated manner with 
high accuracy. 

[0012] The present invention provides an optical ele- 
50 ment holding apparatus provided with a holding portion 
for holding a peripheral portion of an optical element. 
The holding portion includes a bearing surface block 
having a bearing surface, which contacts the peripheral 
portion of the optical element, and a bearing surface 
55 block support mechanism for rotatably supporting the 
bearing surface block about a tangential axis of the op- 
tical element. 

[0013] The present invention provides an optical ele- 
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ment holding apparatus, which includes a holding por- 
tion for holding a peripheral portion of an optical element 
and a fastening portion to which the holding portion is 
fastened. The holding portion includes a bearing surface 
block having a bearing surface that contacts the periph- 
eral portion of the optical element, a base portion fixed 
to the fastening portion, and a pair of link mechanisms 
for restricting movements of the bearing surface block 
relative to the base portion in a plurality of different di- 
rections and for connecting the base portion and the 
bearing surface block rotatably about each axis of the 
plurality of different directions. 

[0014] The present invention provides a holding ap- 
paratus including a holding portion for holding a member 
to be held. The holding portion includes a drive mecha- 
nism for providing the member to be held with three 
movements along three coordinate axes with an origin 
being substantially the center of the member to be held 
and two rotations about at least two coordinate axes of 
the three coordinate axes. 

[0015] The present invention provides an optical ele- 
ment holding apparatus including a holding member for 
holding a peripheral portion of an optical element, three 
flexure members for holding the holding member at 
three locations, and first and second manipulation mem- 
bers connected to at least one of the flexure members 
for manipulating the at least one flexure member. The 
manipulation member is held such that manipulation of 
the first manipulation member causes the at least one 
flexure member to move the optical element in a first 
direction and such that manipulation of the second ma- 
nipulation member causes the at least one flexure mem- 
ber to move the optical element in a second direction 
that differs from the first direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments togetherwiththeaccompanying drawings 
in which: 

Fig. 1 is a cross-sectional view of a conventional 
optical element holding apparatus; 
Fig. 2 is an exploded perspective view of the optical 
element holding apparatus in Fig. 1 ; 
Fig. 3 is a schematic structural diagram of an expo- 
sure apparatus; 

Fig. 4 is a perspective view of an optical element 
holding apparatus according to a first embodiment 
of the present invention; 

Fig. 5 is a perspective view of the optical element 
holding apparatus in Fig. 4 as seen from another 
angle; 

Fig. 6 is a perspective view of a holder of the optical 

element holding apparatus in Fig. 4; 

Fig. 7 is a perspective view of a base member of 



the holder in Fig. 6; 

Fig. 8 is a front view of the base member in Fig. 7; 
Fig. 9 is a cross-sectional view taken along line 9-9 
in Fig. 8; 

5 Fig. 1 0 is a perspective view of a clamp member of 

the holder in Fig. 6; 

Fig. 11 is a perspective view of the clamp member 
of the holder in Fig. 6 as seen from another angle; 
Fig. 12 is a cross-sectional view taken along line 
10 12-12 in Fig. 11; 

Fig. 13 is a bottom view of a pad member of the 
holder in Fig. 6; 

Fig. 14 is a cross-sectional view taken along line 
14-14 in Fig. 13; 
15 Fig. 15 is an enlarged plan view of the holder in Fig. 
6; 

Fig. 16 is a cross-sectional view taken along line 
16-16 in Fig. 15; 

Fig. 17 is a cross-sectional view taken along line 
20 17-17 in Fig. 15; 

Fig. 1 8 is an enlarged plan view of a weight support 
mechanism of the optical element holding appara- 
tus in Fig. 4; 

Fig. 19 is a schematic diagram of the holder in Fig. 
25 6; 

Fig. 20 is an enlarged bottom view showing a pad 
member in an optical element holding apparatus ac- 
cording to a second embodiment; 
Fig. 21 is a cross-sectional view taken along line 

30 21-21 in Fig. 20; 

Fig. 22 is an enlarged perspective view. showing a 
base member in the optical element holding appa- 
ratus according to the second embodiment; 
Fig. 23 is a perspective view of an optical element 

35 holding apparatus according to a third embodiment 
of the invention; 

Fig. 24 is a plan view of the optical element holding 
apparatus in Fig. 23; 

Fig. 25 is a side view of the optical element holding 
40 apparatus in Fig. 23; 

Fig. 26 is a cross-sectional view taken along line 
26-26 in Fig. 23; 

Fig. 27 is a partial, enlarged perspective view show- 
ing a lens chamber and a holder of the optical ele- 

45 ment holding apparatus in Fig. 23; 

Fig. 28 is a perspective view of a frame of the optical 
element holding apparatus in Fig. 23; 
Fig. 29 is a partial, enlarged plan view of the frame 
of the optical element holding apparatus in Fig. 23; 

so Fig. 30 is a partial, enlarged side view of the frame 
of the optical element holding apparatus in Fig. 23; 
Fig. 31 is a partial, enlarged side view of a flexure 
body of the optical element holding apparatus in 
Fig. 23; 

55 Fig. 32 is a cross-sectional view taken along line 

32- 32 in Fig. 29; 

Fig. 33 is a cross-sectional view taken along line 

33- 33 in Fig. 29; 
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Fig. 34 is a perspective view showing the optical el- 
ement holding apparatuses in Fig. 23 in a superim- 
posed state; 

Fig. 35 is an exemplary diagram of the optical ele- 
ment holding apparatus in Fig. 23; 
Fig. 36 is a schematic diagram of the optical ele- 
ment holding apparatus in Fig. 23; 
Fig. 37 is a diagram explaining parallel movement 
of an optical element; 

Fig. 38 is a perspective view showing a lens cham- 
ber and a base member of the optical element hold- 
ing apparatus in Fig. 23; 

Fig. 39 is a perspective view of the frame and the 
flexure body of the optical element holding appara- 
tus in Fig. 23; 

Fig. 40 is a schematic diagram of an optical element 
holding apparatus according to a fourth embodi- 
ment of the present invention; 
Fig. 41 is a cross-sectionai view showing a rigid 
body of Fig. 40; 

Fig. 42 is a cross-sectional view taken along line 
42-42 in Fig. 41 ; 

Fig. 43 is a schematic diagram of an optical element 
holding apparatus according to a fifth embodiment 
of the present invention; 

Fig. 44 is a schematic diagram of an optical element 
holding apparatus according to a sixth embodiment 
of the present invention; 

Fig. 45 is a schematic diagram of an optical element 
holding apparatus according to a seventh embodi- 
ment of the present invention; 
Fig. 46 is a cross-sectional view showing a rigid 
body of Fig. 45; 

Fig. 47 is a cross-sectional view taken along line 
47-47 in Fig. 46; 

Fig. 48 is a flowchart illustrating an example of a 
semiconductor device fabrication process; and 
Fig. 49 is a flowchart illustrating a substrate 
processing in the semiconductor device fabrication 
process. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment) 

[0017] An optical element holding apparatus 39 ac- 
cording to a first embodiment of the present invention 
will now be described with reference to Figs. 3 through 
19. Referring to Fig. 3, the optical element holding ap- 
paratus 39 is used to hold a lens 38 of a projection op- 
tical system 35 of an exposure apparatus 31 that is used 
in the fabrication of semiconductor devices. 
[001 8] As shown in Fig. 3, the exposure apparatus 31 
includes a light source 32, an illumination optical system 
33, a reticle stage 34, which holds a reticle R functioning 
as a masks, a projection optical system 35, and a wafer 
stage 36, which holds a wafer W functioning as a sub- 
strate. 



[0019] The light source 32 emits, for example, an ArF 
excimer laser beam having a wavelength of, for exam- 
ple, 193nm. The illumination optical system 33 various 
lens systems, for example, an optical integrator, such 
5 as a fly-eye lens or a rod lens, a relay lens, and a con- 
denser lens, and an aperture stop, which are not shown 
in the drawings. The illumination optical system 33 ad- 
justs the exposure light EL emitted from the light source 
32 to light that uniformly illuminates a pattern on the ret- 
ro icle R. 

[0020] The reticle stage 34 is arranged such that the 
surface on which the reticle R is mounted is substantially 
perpendicular to the direction of the optical axis of the 
projection optical system 35 on the outgoing side of the 

15 illumination optical system 33 (the incoming side of the 
exposure light EL in the projection optical system 35). 
The projection optical system 35 includes a lens barrel 
37 including a plurality of lens barrel modules 420 in 
each of which the lens 38 is held in a generally horizontal 

20 state by the optical element holding apparatus 39. 

[0021] The wafer stage 36 is located on the exposure 
light EL outgoing side of the projection optical system 
35. The wafer mounting surface of the wafer stage 36 
is arranged to intersect the optical axis direction of the 

25 projection optical system 35. When the exposure light 
EL passes through the projection optical system 35, the 
image of the pattern on the reticle R is reduced by a 
predetermined reduction magnification. The reduced 
image of the pattern is then transferring onto the wafer 

30 W on the wafer stage 36. 

[0022] The details of the optical element holding ap- 
paratus 39 will be described below. 
[0023] Fig. 4 is a partial, cutaway, exploded perspec- 
tive view of the optical element holding apparatus 39, 

35 Fig. 5 is a perspective view of the optical element hold- 
ing apparatus 39 in Fig. 4 as seen from below, and Fig. 
6 is a partial, enlarged perspective view of the optical 
element holding apparatus 39. 

[0024] The optical element 38 is formed of a glass ma- 

40 terial, such as synthesized quartz, which has a relatively 
large fracture strength. The optical element 38 has a 
flange portion 38a (see Fig. 6) defined at its peripheral 
portion. The optical element holding apparatus 39 in- 
cludes a lens frame 42, which serves as the lens barrel 

45 module 420 that functions as an external unit, and three 
holders 43, which are disposed at an equiangular dis- 
tance on the lens frame 42 and hold the flange portion 
38a of the optical element 38. Each holder 43 includes 
a base member 45 and a clamp member 46. The lens 

so frame 42 is formed of metal, such as aluminum, in a ring- 
like shape. Attachment grooves 44 for attachment of the 
clamp members 46 are formed on the surface of the lens 
frame 42 at equiangular distances. Recesses 60 (see 
Fig. 6) for receiving bearing surface blocks of the base 

55 members 45 are formed on the inner surface of the lens 
frame 42 at positions corresponding to the attachment 
grooves 44. The recesses 60 prevent enlarging of the 
diameter of the lens frame 42. 
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[0025] In the attachment groove 44, the clamp mem- 
ber 46 is attached to the lens frame 42 by a pair of bolts 
68. At this time, the heads of the pair of bolts 68 do not 
protrude from the surface of the lens frame 42. When 
the surface of one lens frame 42 comes into contact with 
the bottom surface of another lens frame 42, therefore, 
the bottom surface of the another lens frame 42 does 
not contact the bolts 68. A spacer is arranged between 
the top surface of one lens frame 42 and the bottom sur- 
face of another lens frame 42 to adjust the space be- 
tween the frames 42. This determines the position of the 
optical element, which is held by each lens frame 42, 
with respect to the optical axis direction. Thus, the opti- 
cal element does not contact the bottom surface of the 
upper lens frame 42 even if the optical element slightly 
projects from the top surface of the lower lens frame 42 
as long as the optical element is thinner than the spacer. 
The base member 45 is secured to the bottom surface 
of the lens frame 42 by a pair of bolts (see Fig. 5). 
[0026] Next, the holder 43 will be described. First, the 
base member 45 will be discussed. Fig. 7 is an enlarged 
perspective view of the base member 45, Fig. 8 is a front 
view of the base member 45, and Fig. 9 is a cross-sec- 
tional view of the base member 45 taken along line 
10-10 in Fig. 8. Through holes 52 for a pair of bolts 48 
are formed in the base member 45. The base member 
45 includes a bearing surface block 50a and a support 
block 50b. The bearing surface block 50a has bearing 
surfaces 49, which engage with a first flange surface of 
the flange portion 38a of the optical element 38. The 
support block 50b has a bearing surface block support 
mechanism 51, which supports the bearing surface 
block 50a so that the posture of the bearing surface 
block 50a is adjustable. 

[0027] The bearing surface block 50a is arranged in 
such a way that its longitudinal direction extends along 
the tangential direction of the optical element 38. The 
bearing surfaces 49 are respectively formed on both lon- 
gitudinal ends of the bearing surface block 50a. That is, 
the bearing su rf aces 49 protrude from the surface of the 
bearing surface block 50a. Each bearing surface 49 in- 
cludes a flat surface having a predetermined area and 
a curved portion, which is formed at the periphery of the 
flat surface and has a predetermined radius of curva- 
ture. The curved portion prevents the bearing surface 
49 from being damaged when hit by the corners of the 
flange portion 38a of the optical element 38. A layer of 
gold is formed on the bearing surface 49 by plating, va- 
por deposition or the like in order to increase the coef- 
ficient of friction with respect to the flange portion 38a. 
[0028] To increase the coefficient of friction between 
the bearing surface 49 and the flange portion 38a, the 
same metal film as the reflection preventing film applied 
to the surface of the optical element 38 is formed on the 
surface of the flange portion 38a. For example, a single 
layer or multilayer (two layers, four layers or more) of a 
metal film is applied to the surface of the flange portion 
38a by vacuum vapor deposition using MgF 2 (magnesi- 



um fluoride), AIF 3 (aluminum fluoride), Zr0 2 (zirconia), 
Al 2 0 3 (alumina) or the like. The surface area of the 
flange portion 38a may be increased relative to the lon- 
gitudinal direction of the bearing surface block 50a to 

5 increase the coefficient of friction between the bearing 
surface 49 and the flange portion 38a. 
[0029] A plurality of slits 53, which extend through the 
blocks in the direction of the X axis in Fig. 7 (i.e., the 
radial direction of the optical element 38), are formed 

10 between the bearing surface block 50a and the support 
block 50b and in the support block 50b. A plurality of 
neck portions 55a to 55d (bent portions) are formed be- 
tween the bearing surface block 50a and the support 
block 50b and on the support block 50b. The neck por- 

15 tions 55a-55d are formed in the following manner. First, 
the slits 53 are formed with non-machined portions left 
between the adjoining slits 53. Next, the non-machined 
portions are engraved from the +X direction and -X di- 
rection to form engraved portions 54 and the neck por- 

20 tions 55a-55d. A large hole is first machined in the -X 
direction engraving since the machining distance to the 
neck portions 55a-55d is long. 

[0030] To avoid unpredictable distortion from remain- 
ing in the neck portions 55a-55d, both sides of each 
25 neck are formed by the same machining process, such 
as mold engraving-discharging or mechanical machin- 
ing. 

[0031] The support block 50b is separated into a fixed 
portion 56, a first block 57a, and a second block 58a by 

30 the slits 53, as shown in Fig. 7. The fixed portion 56 is 
secured to the lens frame 42. The first neck portion 55a 
connects the fixed portion 56 to the first block 57a, the 
second neck portion 55b connects the fixed portion 56 
to the second block 58a, the third neck portion 55c con- 

35 nects the first block 57a to the second block 58a, and 
the fourth neck portion 55d connects the second block 
58a to the bearing surface block 50a. The neck portions 
55a-55d have square cross sections. 
[0032] The first block 57a is fixed to the second block 

40 58a and the fixed portion 56 by the first neck portion 55a 
and the third neck portion 55c. The first neck portion 55a 
and the third neck portion 55c hold the first block 57a so 
that the first block 57a is rotatable about the Y direction 
(the tangential direction of the optical element) and dis- 

45 placement in the Y direction is restricted. The first block 
57a, the first neck portion 55a, and the third neck portion 
55c form a tangential restriction link 57, which restricts 
the displacement of the optical element 38 in the tan- 
gential direction. 

so [0033] The second block 58a is fixed to the bearing, 
surface block 50a and the fixed portion 56 by the second 
neck portion 55b and the fourth neck portion 55d. The 
second neck portion 55b and the fourth neck portion 55d 
hold the second block 58a so that the second block 58a 

55 is rotatable about the Z direction (the direction parallel 
to the optical axis of the optical element) and displace- 
ment in the Z direction is restricted. The second block 
58a, the second neck portion 55b, and the fourth neck 
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portion 55d form an optical axis direction restriction link 
58, which restricts the displacement of the optical ele- 
ment 38, in the direction parallel to the optical axis of 
the optical element. 

[0034] The restricting direction of the tangential re- 
striction link 57 and the restricting direction of the optical 
axis direction restriction link 58 are substantially perpen- 
dicular to each other. In other words, the rotational axis 
of the tangential restriction link 57 and the rotational axis 
of the optical axis direction restriction link 58 are sub- 
stantially perpendicular to each other. 
[0035] The bearing surface block 50a is connected to 
the support block 50b by the fourth neck portion 55d. 
That is, the tangential restriction link 57 and the optical 
axis direction restriction link 58 support the bearing sur- 
face block 50a on the fixed portion 56. 
[0036] As shown in Fig. 8, the second and fourth neck 
portions 55b, 55d are located along a line that passes 
through the median position between both bearing sur- 
faces 49. The line is perpendicular to a line connecting 
the two bearing surfaces 49 and is parallel to the Z axis. 
The first and third neck portions 55a, 55c are located 
along a line parallel to the line that connects the two 
bearing surfaces 49. The third neck portion 55c is locat- 
ed near the fourth neck portion 55d. 
[0037] The bearing surface block 50a is supported on 
the fixed portion 56 by the tangential restriction link 57 
and optical axis direction restriction link 58 in such a way 
that the bearing surface block 50a is rotatable about the 
X direction, Y direction, and Z direction and its displace- 
ments in the Y direction and Z direction are restricted. 
Further, the bearing surface block 50a is supported by 
the fourth neck portion 55d so that it is displaceable in 
the X direction . In other words, the bearing surface block 
support mechanism 51 includes the tangential restric- 
tion link 57, the optical axis direction restriction link 58, 
and the fourth neck portion 55d, which is displaced in 
the X direction. 

[0038] The bearing surface block 50a has an attach- 
ment portion 59 having a surface located above the 
bearing surfaces 49. 

[0039] As shown in Fig. 6, the clamp member 46 is 
located above the bearing surface block 50a and in- 
cludes a clamp body 62 and a pad member 47. The 
clamp body 62 will be discussed below with reference 
to Figs. 10, 11 , and 12. Fig. 10 is an enlarged perspec- 
tive view of the clamp body 62, Fig. 11 is an enlarged 
perspective view of the clamp body 62 as seen from be- 
low, and Fig. 12 is a cross-sectional view of the clamp 
body 62 taken along line 13-13 in Fig. 10. 
[0040] The clamp body 62 includes a block 63 and a 
block support mechanism 64, which is formed integrally 
with the block 63. Press surfaces 65, which face the 
bearing surfaces 49 of the bearing surface block 50a, 
are formed on the two ends of the bottom surface of the 
block 63. Each press surface 65 is formed roof-like and 
has a ridge line 65a extending generally along the tan- 
gential direction of the optical element 38. The median 



point of a line connecting two ridge lines 65a of both 
press surfaces 65 is positioned above the fourth neck 
portion 55d. 

[0041] The block support mechanism 64 includes a 

5 pair of arms 66 and an attachment portion 67. The at- 
tachment portion 67 and the block 63 are separated 
from each other by a predetermined interval. The attach- 
ment portion 67 is fastened to the attachment portion 59 
by means of the pad member 47 by the bolts 68 so that 

10 the clamp member 46 is fixed to the bearing surface 
block 50a. The pair of arms 66 are formed integrally with 
the two sides of the block 63 and the attachment portion 
67. Each arm 66 is formed in a generally U-shaped man- 
ner and has an elastically variable length. Each arm 66 

15 is separated by a predetermined distance from the inner 
wall in the attachment groove 44 of the lens frame 42. 
[0042] The pad member 47 will now be discussed re- 
ferring to Figs. 13 and 14. Fig. 13 is a cross-sectional 
view taken along line 1 4-1 4 in Fig. 1 3. The pad member 

20 47 has a clamped portion 71 , which is clamped between 
the attachment portions 59 and 67, an action portion 72, 
which is located between the press surfaces 65 and the 
flange portion 38a of the optical element 38, and a flex- 
ible thin plate portion 73, which connects the clamped 

25 portion 71 to the action portion 72 and is elastically de- 
formable. Action surfaces 74, which are connected to 
the flange portion 38a of the optical element 38, are de- 
fined on the bottom surface of the action portion 72 in 
association with the bearing surfaces 49. Each action 

30 surface 74 has a flat portion and a peripheral portion 
having a predetermined radius of curvature. The periph- 
eral portion of the action surface 74 prevents damage 
when hit by the corners of the flange portion 38a. A layer 
of gold is applied to the action surface 74 by plating, 

35 vapor deposition or the like to increase the coefficient of 
friction with respect to the flange portion 38a of the op- 
tical element 38. 

[0043] Referring to Fig. 1 5 and 1 6, by fastening of the 
bolts 68, the clamp member 46 elastically deforms the 

40 arms 66 and applies pressure to the press surfaces 65 
of the block 63 toward the bearing surface block 50a. 
The pressure acts on the flange portion 38a of the opti- 
cal element 38 by means of the action surfaces 74 of 
the pad member 47. This clamps the flange portion 38a 

45 of the optical element 38 between the bearing surfaces 
49 and the press surfaces 65. 

[0044] As shown in Figs. 4 to 6, a plurality of weight 
support mechanisms 77 are provided on the lens frame 
42 between the adjoining holders 43. The number of the 

50 weight support mechanisms 77 is set in accordance with 
at least one of the parameters of the optical element 38, 
namely the weight, the thickness, the diameter, the 
shape, and the material of the optical element 38, and 
the number of the holders 43. In the first embodiment, 

55 three weight support mechanisms 77 are provided be- 
tween the adjoining holders 43. 

[0045] As shown in Fig. 18, each weight support 
mechanism 77 includes a plate spring 78. The plate 
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spring 78 includes an abutment portion 78a, which abuts 
on the bottom surface of the flange portion 38a of the 
optical element 38, a pair of support portions 78b, which 
are attached to the lens frame 42 by a pair of bolts 79, 
and a pair of bent portions 78c, which connect the abut- s 
ment portion 78a to the support portions 78b. The elas- 
ticity of the plate spring 78 supports part of the optical 
element 38. 

[0046] The procedures for holding the optical element 

38 using the optical element holding apparatus 39 will io 

now be described. 

[0047] As shown in Fig. 4 and Figs. 1 5 to 1 7, the base 
members 45 are attached to the three attachment 
grooves 44 of the lens frame 42 by the bolts 48, and the 
bearing surface blocks 50a are arranged in the recesses is 
60. Then, part of the two side surfaces of the bearing 
surface block 50a may be held between a pair of flat 
sandwiching members and be temporarily fastened to 
the base member 45 to prevent unintentional deforma- 
tion of the bearing surface block 50a with respect to the 20 
fixing portion. The temporary fastening prevents unin- 
tentional application of load to the neck portions 55a- 
55d of the bearing surface block support mechanism 51 . 
[0048] Next, the optical element 38 is inserted into the 
lens frame 42, and the flange portion 38a at the periph- 25 
ery of the optical element 38 is arranged on the bearing 
surfaces 49 of the bearing surface blocks 50a. Then, the 
temporary fixing plates are separated from the bearing 
surface block support mechanism 51. The fourth neck 
portion 55d function to rotate each bearing surface block 30 
50a about the tangential direction (Y direction) and the 
radial direction (X direction) of the optical element 38 
along the bottom surface of the flange portion 38a of the 
optical element 38. The rotation adjusts the posture of 
the bearing surface block 50a in accordance with the 35 
state of the flange portion 38a of the optical element 38, 
such as the inclination or waving of the flange portion 
38a, thereby maximizing the contact area between the 
optical element 38 and the flange portion 38a. 
[0049] Thereafter, each pad member 47 is placed on *o 
the top surface of the flange portion 38a of the optical 
element 38 and the clamp body 62 is placed on the top 
surface of the attachment portion 59 of the associated 
bearing surface block 50a so that the action surfaces 74 
of the pad member 47 are connected to the top surface *5 
of the flange portion 38a of the optical element 38. In 
this state, each pad member 47 and the associated 
clamp body 62 are securely fastened by the pair of bolts 
68. This causes the press surfaces 65 of the associated 
block 63 to contact the top surface of the pad member so 
47 and elastically deforms the arms 66. As a result, the 
action surfaces 74 of the pad member 47 press the op- 
tical element 38. 

[0050] The pressure causes the flange portion 38a of 
the optical element 38 to be clamped between the bear- 55 
ing surfaces 49 and the action surfaces 74. In this state, 
the area of the flange portion 38a contacting the bearing 
surfaces 49 and the action surfaces 74 of the optical el- 



ement 38 is maximized. This stably holds the optical el- 
ement 38. 

[0051] In a state held by the lens frame 42 of the op- 
tical element holding apparatus 39, the optical elements 
38 are superimposed as shown in Fig. 3. Since the op- 
tical element 38 and the lens frame 42 are formed of 
different materials, a coefficient of linear expansion may 
vary between the optical element 38 and the lens frame 
42. Thus, when the optical element 38 is heated by the 
irradiation of the exposure light EL from the light source 
32, the expansion lengths of the optical element 38, the 
lens frame 42 and the lens barrel modules 420 differ 
from one another in the radial direction of the optical el- 
ement 38. 

[0052] When a difference in the expansion length oc- 
curs, the cooperative action of the restriction links 57 
and 58 and the neck portions 55a-55d of each bearing 
surface block support mechanism 51 relatively moves 
the bearing surface block 50a and the block 63, which 
hold the optical element 38, in the radial direction of the 
optical element 38 with respect to the lens frame 42. The 
movement absorbs the difference in expansion length 
so that a large expansion load will not be applied directly 
to the optical element 38. 

[0053] When superimposing a lens frame 42, the lens 
frame 42 may slightly be distorted. When the lens frame 
42 is distorted, the cooperative action of the restriction 
links 57 and 58 and the neck portions 55a-55d of each 
bearing surface block support mechanism 51 causes 
the optical element 38 to be held to the lens frame 42 in 
a kinematical manner. This suppresses the influence of 
the distortion on the optical element 38. 
[0054] A description will now be given of the mecha- 
nism that holds the optical element 38 in a kinematical 
manner. 

[0055] Fig. 1 9 is a schematic diagram of the holder 43 
for the optical element 38. Referring to Fig. 19, the rec- 
tangle at the periphery of the optical element 38 indi- 
cates the bearing surface block 50a and the block 63, 
the L-like shape indicates the fixed portion 56 of the 
base member 45, the two lines respectively indicate the 
tangential restriction link 57 and the optical axis direc- 
tion restriction link 58, and the dots on the lines respec- 
tively indicate the neck portions 55a-55d. 
[0056] The fixed portion 56 is a bent rigid body having 
two right-angle rigid body portions 56a, 56b. The first 
end of the tangential restriction link 57 is coupled to the 
right-angle rigid body portion 56a by means of the first 
neck portion 55a. The first end of the optical axis direc- 
tion restriction link 58 is coupled to the other right-angle 
rigid body portion 56b by means of the second neck por- 
tion 55b. The second end of the tangential restriction 
link 57 is coupled to the optical axis direction restriction 
link 58 by means of the third neck portion 55c. The sec- 
ond end of the optical axis direction restriction link 58 is 
coupled to the bearing surface block 50a via the fourth 
neck portion 55d. 

[0057] Each of the restriction links 57, 58 functions as 
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a rigid body in the longitudinal direction and does not 
expand in the longitudinal direction. Each of the linear 
body portions 56a, 56b, 57, 58 are coupled by the neck 
portions 55a-55d, which function as rotational pivots. 
The cross-sectional area of each of the neck portions 
55a-55d is considerably smaller than the cross-section- 
al area of each linear rigid body, and the neck portions 
55a-55d are easily bent or twisted in every direction 
within the range where plastic deformation does not oc- 
cur, in accordance with the displacements of the rigid 
bodies. A link mechanism 80, in which the fixed portion 
56 functions as a fixed link and the restriction links 57, 
58 act cooperatively, is formed on each bearing surface 
block support mechanism 51 . 

[0058] A polar coordinate system R-9-Z in which the 
optical axis of the optical element 38 is the Z axis will 
now be construed. In the link mechanism 80, the fourth 
neck portion 55d, which serves as a point of connection 
between the optical element 38 and the link mechanism 
80, is displaceable within a predetermined range only in 
the R direction. That is, two degrees of freedom of the 
optical element 38 are restricted at each of the three 
points (fourth neck portion 55d) fixed to the optical ele- 
ment 38, and the posture (determined by six degrees of 
freedoms) of the optical element 38 is mechanically re- 
stricted. In other words, the optical element 38 is held 
in a kinematical manner. 

[0059] A description will now be given of the action of 
the link mechanisms 80 that absorbs the thermal defor- 
mation of the optical element 38. When the optical ele- 
ment 38 is thermally deformed, the optical element 38 
expands or contracts in the radial direction, and a force 
that displaces the optical element 38 in the radial direc- 
tion acts on the fourth neck portion 55d. In response to 
this force, the restriction links 57, 58 rotate about the 
line that connects the first neck portion 55a and the sec- 
ond neck portion 55b. The rotational motion absorbs the 
displacement of the optical element 38 and suppresses 
the distortion of the optical element 38. 
[0060] The optical element holding apparatus 39 of 
the first embodiment has the following advantages. 
[0061] (1 )The holder 43 of the optical element holding 
apparatus 39 that holds the optical element 38 includes 
the bearing surface block 50a having the bearing sur- 
face 49 that engages the flange portion 38a of the optical 
element 38. The holder 43 further includes the bearing 
surface block support mechanisms 51 that supports the 
bearing surface blocks 50a rotatably about the tangen- 
tial direction, the optical axis direction, and the radial di- 
rection of the optical element 38. 

[0062] The bearing surface block support mechanism 
51 changes the posture of each bearing surface 49 in 
accordance with the shape of the flange portion 38a of 
the optical element 38. Thus, the production of stress 
on the optical element 38 is suppressed when the flange 
portion 38a abuts on the bearing surface 49. As a result, 
the optical element 38 is held stably while maintaining 
the accuracy of the optical surface of the optical element 



38 in a satisfactory state. Further, satisfactory imaging 
performance of the optical element 38 is maintained 
without the holder 43 having to undergo extremely ac- 
curate machining. 
5 [0063] (2) The bearing surface block support mecha- 
nism 51 supports the associated bearing surface block 
50a movably in the radial direction of the optical element 
38. Accordingly, the thermal deformation of the optical 
element 38 is absorbed by the bearing surface block 
support mechanisms 51 so that the accuracy of the op- 
tical surface of the optical element 38 is maintained in 
a satisfactory state and changes in the imaging perform- 
ance of the optical element 38 is reduced when the op- 
tical element 38 is thermally deformed. 
[0064] (3) The holder 43 is provided with the tangen- 
tial restriction link 57 and the optical axis direction re- 
striction link 58. The tangential restriction link 57 re- 
stricts the movement of the fixed portion 56, which is 
fixed to the lens frame 42, and the bearing surface block 
50a in the tangential direction of the optical element 38 
and permits the rotation of the fixed portion 56 and the 
bearing surface block 50a about the tangential direction. 
The optical axis direction restriction link 58 restricts the 
movement of the fixed portion 56 and the bearing sur- 
face block 50a in the optical axis direction of the optical 
element 38 and permits rotation of the fixed portion 56 
and the bearing surface block 50a in the optical-axial 
direction. The tangential restriction link 57 and the opti- 
cal axis direction restriction link 58 are rotatably con- 
nected to each other. 

[0065] At the connecting links of the links 57, 58, dis- 
placement in multiple directions or rotation about these 
directions are permitted. That is, the bearing surface 
block 50a is permitted to move in multiple directions or 
rotate about these directions. When, for example, the 
lens frame 42 is distorted, the connecting links allow for 
the movement or rotation of each bearing surface block 
50a in such a way as to offset the distortion, so that the 
three bearing surface blocks 50a are held at their pre- 
determined positions. The holder 43 having the links 
does not require highly accurate machining. This main- 
tains the imaging performance at a high level in the op- 
tical element 38. 

[0066] The links 57 and 58 of the bearing surface 
block support mechanism 51 are provided in the tangen- 
tial direction and optical axis direction of the optical el- 
ement 38. This simplifies the structure of the link mech- 
anism and facilitates the designing of the link mecha- 
nism. 

[0067] (4) The fixed portion 56, the bearing surface 
block 50a, the tangential restriction link 57, and the op- 
tical axis direction restriction link 58 are coupled by 
means of the neck portions 55a-55d, which function as 
rotational pivots. The cross-sectional area of each of the 
neck portions 55a-55d is smaller than the cross-section- 
al area of each of the fixed portion 56, the bearing sur- 
face block 50a, the tangential restriction link 57, and the 
optical axis direction restriction link 58. 
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[0068] This enables the neck portions 55a-55d, the 
fixed portion 56, the bearing surface block 50a, the tan- 
gential restriction link 57, and the optical axis direction 
restriction link 58 to be formed integrally. Accordingly, 
the holder has a simplified structure even though the 
number of components is not increased. 
[0069] (5) The fourth neck portion 55d that is connect- 
ed to the bearing surface block 50a extends through the 
median position between the two bearing surfaces 49 
and is arranged along a line parallel to the optical axis 
of the optical element 38. This changes the posture of 
the bearing surface 49 in a stable manner. 
[0070] (6) The bearing surface block 50a has two 
bearing surfaces 49 formed with a predetermined dis- 
tance in between at the position that faces the flange 
portion 38a of the optical element 38. Therefore, the op- 
tical element 38 formed of a glass material, such as syn- 
thesized quartz, which has a relatively large fracture 
strength is held in a reliable and stable manner by the 
two bearing surfaces 49. 

[0071 ] (7) A gold layer is plated or vapor-deposited on 
the bearing surfaces 49 of the bearing surface block 50a 
and the action surface 74 of the pad member 47 in order 
to increase the coefficient of friction with respect to the 
flange portion 38a of the optical element 38. This sup- 
presses sliding of the bearing surfaces 49 and the action 
surfaces 74 with respect to the flange portion 38a of the 
optical element 38 and holds the optical element 38 in 
a further stable state. 

[0072] (8) The block 63 of the clamp member 46 in- 
cludes the press surfaces 65, the ridge lines 65a of 
which extend in the tangential direction of the optical el- 
ement 38. The press surfaces 65 press the flange por- 
tion 38a of the optical element 38 by means of the action 
portion 72 of the pad member 47. As a result, the flange 
portion 38a of the optical element 38 is held between 
the block 63 and the bearing surface block 50a. In this 
state, the fourth neck portion 55d is located below the 
line that connects the ridge lines 65a of the two press 
surfaces 65. 

[0073] This suppresses the generation of the moment 
originated from the pressure applied to the fourth neck 
portion 55d, allowing the optical element 38 to be held 
stably. 

[0074] (9> The bearing surface block 50a and the 
bearing surfaces 49 are formed integrally with the re- 
striction links 57, 58, the neck portions 55a-55d, and the 
fixed portion 56. 

[0075] Therefore, the bearing surface block 50a and 
the support block 50b are formed integrally from the 
same material. There is no junction made of another ma- 
terial that is formed between the bearing surface block 
50a and the support block 50b. Thus, distortion is un- 
likely to occur. Due to the integration of the bearing sur- 
face block 50a and the support block 50b, the holder 43 
is relatively small. 

[0076] (1 0) The lens barrel 37 is formed by superim- 
posing the lens barrel modules 420, each of which hous- 



es the optical element 38 held by the optical element 
holding apparatus 39. This permits a plurality of optical 
elements 38 to be held stably while preventing the im- 
aging performances of the optical elements 38 from de- 

5 creasing so that the imaging performance of the entire 
lens barrel 37 is maintained at a satisfactory level. 
[0077] (11) The exposure apparatus 31 has the pro- 
jection optical system 35, which includes the lens barrel 
37. This improves the exposure accuracy of the expo- 

10 sure apparatus 31 . 

(Second Embodiment) 

[0078] An optical element holding apparatus 39 ac- 
ts cording to a second embodiment of the invention will be 
described below, centering on the differences from the 
first embodiment. 

[0079] In the second embodiment, as shown in Figs. 
21 to 23, a bearing surface 91 of the bearing surface 
20 block 50a and an action surface 92 of the pad member 
47 are formed extending in the tangential direction of 
the optical element 38. 

[0080] A housing hole 93 is formed in the centers of 
the bearing surface 91 and the action surface 92. A con- 

25 tractible adhesive which volume slightly contracts when 
hardening is charged in the housing hole 93. The flange 
portion 38a of the optical element 38 is connected to the 
bearing surface 91 and the action surface 92 by the ad- 
hesive charged in the housing hole 93. An adhesive 

30 charging hole 94 which is connected to the housing hole 
93 may be formed in the bottom of the housing hole 93 
as shown by the broken lines in Fig. 22. 
[0081] The optical element holding apparatus 39 of 
the second embodiment has the following advantages 

35 in addition to advantages (1 ) to (5) and (7) to (1 1 ) of the 
first embodiment. 

[0082] (12) The bearing surface 91 and the action sur- 
face 92 are formed to extend in the tangential direction 
of the optical element 38. 

40 [0083] Therefore, when holding an optical element 38 
formed of a glass material, such as fiuorite, which has 
a relatively small fracture strength, the stress resulting 
from the holding is dispersed. This prevents the optical 
element 38 from being damaged by concentrated 

45 stress. 

[0084] (13) The housing hole 93, which the adhesive 
is housed in, is formed in the centers of the bearing sur- 
face 91 and the action surface 92. 
[0085] Accordingly, the adhesive charged in the hous- 

so ing hole 93 connects the flange portion 38a of the optical 
element 38 to the bearing surface 91 and the action sur- 
face 92, and the hardening of the adhesive engages the 
flange portion 38a of the optical element 38 with the 
bearing surface 91 and the action surface 92. In this 

55 state, the use of the contractible adhesive prevents the 
flange portion 38a of the optical element 38 from being 
compressed and holds the optical element 38 in a stable 
manner. 
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[0086] In the first and second embodiments, the pad 
members 47 may be omitted and the block 63 may be 
pressed directly against the flange portion 38a. In this 
case, it is desirable that the press surfaces 65 of the 
block 63 be flat like the bearing surfaces 49. 
[0087] In the first embodiment, the bearing surface 49 
may be formed on the entire surface of the bearing sur- 
face block 50a that faces the optical element 38. Alter- 
natively, three or more bearing surfaces 49 may be 
formed. The press surface 65 of the block 63 may also 
be formed on the entire surface of the block 63 that faces 
the optical element 38. Alternatively, three or more press 
surfaces 65 may be formed. 

[0088] An elastic member, such as a plate spring or a 
coil spring, may be used in lieu of the arms 66 of the 
clamp body 62 to apply pressure to the block 63. 
[0089] Each weight support mechanism 77 may be a 
plate spring formed by the abutment portion 78a and the 
support portions 78b. 

[0090] Instead of plating the bearing surfaces 49 and 
the action surfaces 74 with gold, metal, such as tin, in- 
dium, aluminum, or brass, may be applied through metal 
vapor deposition, plating, welding or the like. The coef- 
ficient of friction may be improved by performing etching 
or grinding to roughen the bearing surfaces 49 and the 
action surfaces 74. 

(Third Embodiment) 

[0091] An optical element holding apparatus 139 ac- 
cording to a third embodiment of the present invention 
will be described below with reference to the accompa- 
nying drawings. 

[0092] Fig. 23 is a perspective view of the optical el- 
ement holding apparatus 139, Fig. 24 is a plan view of 
the optical element holding apparatus 139, Fig. 25 is a 
side view of the optical element holding apparatus 139, 
and Fig. 26 is a cross-sectional view taken along the line 
26-26 in Fig. 25. The optical element holding apparatus 
139 includes a frame 142, three flexure members 41 , a 
lens frame 40, and holders 43. The three flexure mem- 
bers 41 are fixed to the frame 142 at equiangular dis- 
tances. The lens frame 40 is fixed to the top surfaces of 
the flexure members 41, and the three holders 43 are 
provided on the lens frame 40 at equiangular distances. 
[0093] The structure of the lens frame 40 is similar to 
that of the lens frame 42 of the optical element holding 
apparatus 39 discussed in the first and second embod- 
iments but differs from the first and second embodi- 
ments in that, as shown in Fig. 38, quadratic prism-like 
position-detecting projections 76 are formed on the pe- 
ripheral surface of the tens frame 40 in the vicinity of the 
attachment grooves 44. Flat flexure junction portions 
1 77 for connecting the flexure members 41 are arranged 
on the top surface of the lens frame 40 between the ad- 
joining holders 43. The flexure junction portions 1 77 dif- 
fer from the above embodiments in that they extend out- 
ward from the lens frame 40. The structure of the holder 



43 is similar to that of the first and second embodiments. 
[0094] The structure of the frame 142 will be dis- 
cussed below referring to Figs. 28 to 33. Fig. 28 is a 
perspective view of the frame 142, Fig. 29 is a partly 
5 enlarged plan view of the frame 142, and Fig. 32 is a 
partial enlarged side view of the frame 142. 
[0095] As shown in Fig. 28, the frame 142 is annular 
and formed of metal, such as steel or aluminum. As 
shown in Figs. 28 to 30, three flexure attaching portions 
10 80 for attachment of the flexure members 41 are formed 
on the top surface of the frame 142 at equiangular dis- 
tances. Three flexure housing recesses 81, which 
house the respective flexure members 41 when the 
frames 142 are superimposed, are formed in each frame 
15 142 between the adjacent flexure attaching portions 80. 
Each flexure housing recess 81 includes a body housing 
portion 81a for housing an associated flexure body 84 
and a lever housing portion 81b for housing various 
drive levers 85a, 85b. The flexure attaching portions 80 
20 and the flexure housing recesses 81 are formed alter- 
nately in the circumferential direction of the frame 142. 
In other words, the flexure housing recess 81 is formed 
between adjacent flexure attaching portions 80. 
[0096] As shown in Fig. 28, attachment seats 83, 
25 which receive lens-chamber position detecting mecha- 
nisms 82, are formed on the peripheral surface of the 
frame 142 in the vicinity of the flexure housing recesses 
81 . The lens-chamber position detecting mechanism 82 
(see Fig. 24), which is of, for example, a capacitance 
30 detection type and has an L-like shape, is attached to 
the attachment seat 83. When the lens frame 40 is 
mounted onto the frame 142 by means of the flexure 
members 41, the lens-chamber position detecting 
mechanisms 82 are arranged facing the position-detect- 
35 ing projections 76 of the lens frame 40 with a predeter- 
mined distance in between. When the lens frame 40 is 
moved relative to the frame 142, each position -detecting 
projection 76 is displaced with respect to the associated 
lens-chamber position detecting mechanism 82 and the 
40 displacement amount is detected by the lens-chamber 
position detecting mechanism 82. 
[0097] The flexure member 41 will now be discussed 
with reference to Figs. 29 to 33. As shown in Figs. 28-30, 
each flexure member 41 includes the flexure body 84, 
45 a vertical drive lever 85a, and a horizontal drive lever 
85b. The vertical and horizontal drive levers 85a, 85b 
form part of a displacement member and a transmission 
portion. 

[0098] Each flexure body 84 is held between the as- 
so sociated flexure junction portion 177 of the lens frame 
40 and the associated flexure attaching portion 80 of the 
frame 142. The flexure body 84 has a connection block 
84a, which fixes the associated flexure junction portion 
177 of the lens frame 40 with a bolt 98, and a flexure 
55 support block 84b, which includes a connection-block 
support mechanism 92 for supporting the connection 
block 84a so that its posture is adjustable. 
[0099] Fig. 31 is a partial enlarged side view of the 
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attaching portion of the flexure body 84, and Fig. 32 is 
a cross-sectional view taken along the line 32-32 in Fig. 
29. Fig. 33 is a partial enlarged cross-sectional view 
showing the cross sections of the flexure member 41 
and the frame 142. 

[0100] As shown in Figs. 31 to 33, each flexure body 
84, which has a generally rectangular parallelepiped 
shape, includes plural first slits 86 and a second slit 87 
formed between the connection block 84a and the flex- 
ure support block 84b and in the flexure support block 
84b. The first slits 86 and second slit 87 extend in the X 
direction of Fig. 33. A reference hole 84c is formed in 
the lower portion of the flexure body 84, each first slit 86 
is formed above the reference hole 84c, and the second 
slit 87 is formed below the reference hole 84c. A plurality 
of flexure neck portions 89a to 89d, which serve as ro- 
tational pivots and notch springs are formed between 
the connection block 84a and the flexure support block 
84b and on the flexure support block 84b. The flexure 
neck portions 89a-B9d are formed in the following man- 
ner. 

[0101] First, the slits 86, 87 are formed with non-ma- 
chined portions left between the adjoining slits 86, 87. 
Next, the non-machined portions of the first slits 86 are 
subjected to engraving from the +X direction (toward the 
top surface of the sheet of Fig. 33) and -X direction (to- 
ward the back surface of the sheet of Fig. 33), thus form- 
ing engraved portions 86a and the flexure neck portions 
89a-89d. The engraved portions 86a are formed on both 
sides of the flexure neck portions 89a-89d, and each in- 
clude a rectangular though hole 88a, which extends in 
the radial direction of the optical element 38. To form the 
engraved portions 86a and the flexure neck portions 
89a-89d : holes larger than the engraved portions 86a 
and the flexure neck portions 89a-89d are formed in 
both sides of the flexure support block 84b. 
[0102] To prevent unpredictable distortion from re- 
maining in the flexure neck portions 89a-89d, both sides 
of each of the flexure neck portions 89a-89d are formed 
though the same kind of machining, such as engrave 
discharging or mechanical machining, in the depth di- 
rection of the through holes 88a. 
[0103] A pair of circular through holes 88b, which ex- 
tend in the radial direction of the optical element 38 : are 
formed with a predetermined distance provided be- 
tween two non-machined portions of the second slit 87. 
First and second thin portions 90a, 90b, which serve as 
a conversion mechanism and a first notch spring, are 
formed between the two circular through holes 88b. 
[01 04] The flexure support block 84b is separated into 
a flexure fixing portion 91 , a first restriction block 93a, a 
second restriction block 94a, a first drive block 95a, and 
a second drive block 96a by the first and second slits 
86, 87. The flexure fixing portion 91 is secured to the 
f lexu re attaching portion 80 of the frame 1 42 by bolts 97 
(refer to Figs. 28 and 29). 

[0105] The first flexure neck portion 89a connects the 
first drive block 95a to the first restriction block 93a, the 



second flexure neck portion 89b connects the second 
drive block 96a to the second restriction block 94a, the 
third flexure neck portion 89c connects the first restric- 
tion block 93a to the second restriction block 94a, and 

5 the fourth flexure neck portion 89d connects the first re- 
striction block 93a to the connection block 84a. The flex- 
ure neck portions 89a-89d have square cross sections 
considerably smaller than the cross sections of the drive 
blocks 95a and 96a and the connection block 84a. 

10 [01 06] The first restriction block 93a is fixed to the first 
drive block 95a and the connection block 84a by the first 
flexure neck portion 89a and the fourth flexure neck por- 
tion 89d. The first flexure neck portion 89a and the fourth 
flexure neck portion 89d hold the first restriction block 

is 93a rotatable around the Z direction (the optical axis di- 
rection of the optical element 38) and restrict its dis- 
placement in the Z direction. The first restriction block 
93a, the first flexure neck portion 89a, and the fourth 
flexure neck portion 89d form a vertical restriction link 

20 93, which restricts the displacement of the optical ele- 
ment 3B in the vertical direction (the optical axis direc- 
tion). 

[01 07] The second restriction block 94a is fixed to the 
second drive block 96a and the first restriction block 93a 

25 by the second flexure neck portion 89b and the third flex- 
ure neck portion 89c. The second flexure neck portion 
89b and the third flexure neck portion 89c hold the sec- 
ond restriction block 94a rotatable about the Y direction 
(the tangential direction of the optical element 38) and 

30 restrict its displacement in the Y direction. The second 
restriction block 94a, the second flexure neck portion 
89b, and the third flexure neck portion 89c form a hori- 
zontal restriction link 94, which restricts the displace- 
ment of the optical element 38 in the horizontal direction 

35 (the tangential direction). 

[0108] The restricting direction of the vertical restric- 
tion link 93 is substantially perpendicular to the restrict- 
ing direction of the horizontal restriction link 94. In other 
words, the rotational axis of the vertical restriction link 

40 93 and the rotational axis of the horizontal restriction link 
94 are substantially perpendicular to each other. 
[0109] The connection block 84a is connected to the 
flexure support block 84b by means of the fourth flexure 
neck portion 89d. That is, the connection block 84a is 

45 supported by the vertical restriction link 93 and the hor- 
izontal restriction link 94. 

[0110] As shown in Figs. 31 to 33, the first and fourth 
flexure neck portions 89a, 89d are located on a line that 
substantially extends through the center of the connec- 

so tion block 84a and is parallel to the Z axis. The second 
and third flexure neck portions 89b, 89c are located on 
a line that is substantially parallel to the surface of the 
connection block 84a. The third flexure neck portion 89c 
is located near the fourth flexure neck portion 89d. 

55 [0111] In the flexure body 84, the connection block 
84a is supported on the first and second drive blocks 
95a and 96a by the vertical restriction link 93 and the 
horizontal restriction link 94 in such a way that the con- 
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nection block 84a is rotatable in the X direction, Y direc- 
tion, and Z direction and its displacements in the Y di- 
rection and Z direction are restricted. Further, the con- 
nection block 84a is supported so that it is displaceable 
in the X direction by the fourth flexure neck portion 89d. 
[01 12] The first drive block 95a is fixed to the first re- 
striction block 93a by the first flexure neck portion 89a 
and to the flexure fixing portion 91 by the first thin portion 
90a. The first thin portion 90a serves as the conversion 
mechanism and the first notch spring. The vertical drive 
lever 85a, which extends in the tangential direction of 
the optical element 38 is formed integrally on the first 
drive block 95a. The first thin portion 90a transmits the 
movement of the vertical drive lever 85a in the optical 
axis direction (vertical direction) of the optical element 
38 to the first flexure neck portion 89a, which serves as 
a second notch spring. The first drive block 95a, the first 
flexure neck portion 89a, and the first thin portion 90a 
form a vertical drive link 95 which transmits the move- 
ment of the vertical drive lever 85a in the vertical direc- 
tion, to the vertical restriction link 93. 
[0113] The second drive block 96a is connected to the 
second restriction block 94a by the second flexure neck 
portion 89b and to the flexure fixing portion 91 by the 
second thin portion 90b. The horizontal drive lever 85b, 
which extends in the tangential direction of the optical 
element 38, is formed integrally on the second drive 
block 96a. The second thin portion 90b serves as the 
conversion mechanism and a third notch spring. The 
second thin portion 90b transmits the movement of the 
horizontal drive levers 85b in the optical axis direction 
(vertical direction) of the optical element 38 to the sec- 
ond flexure neck portion 89b, which serves as a fourth 
notch spring. The second drive block 96a, the second 
flexure neck portion 89b, and the second thin portion 
90b form a horizontal drive link 96, which converts the 
vertical movement of the horizontal drive lever 85b to a 
horizontal movement and transmits the horizontal 
movement to the horizontal restriction link 94. 
[0114] The first flexure neck portion 89a is located on 
an imaginary line that extends through the center of the 
first thin portion 90a and in the tangential direction of the 
optical element 38. The second flexure neck portion 89b 
is located on an imaginary line that extends through the 
center of the second thin portion 90b and in the optical 
axis direction of the optical element 38. 
[0115] As shown in Figs. 28 to 30 and Fig. 32, adjust- 
ing washers 99 and adjusting buttons 100 are fixed to 
the distal ends of the drive levers 85a, 85b in a replace- 
able manner by replacing members 1 01 (e.g., bolts and 
plugs). The adjusting washers 99 and adjusting buttons 
100 form moving-amount setting means. A plurality of 
adjusting washers 99 are prepared beforehand in such 
a way that the thickness can be adjusted in units of, for 
example, 1u.m. A plurality of adjusting buttons 100 are 
prepared beforehand in such a way that the thickness 
can be adjusted in units of, for example, 10u.m. In other 
words, the adjusting washers 99 are used for fine ad- 



justment, and the adjusting buttons 100 are used for 
rough adjustment. The selective combination of the ad- 
justing washers 99 and adjusting buttons 100 adjusts 
the distances between the drive levers 85a and 85b and 
5 the frame 142, thereby setting the amounts of move- 
ment of the drive levers 85a and 85b. The drive levers 
85a and 85b have predetermined lengths. Thus, the 
movement amounts of the proximal end portions of the 
drive levers 85a, 85b are smaller than the movement 
10 amounts of the distal end portions. 

[0116] Lift levers 102, which serve as manipulation 
portions are provided near the adjusting washers 99 and 
adjusting buttons 100 and on the top surface of the 
frame 142 in such a way as to be vertically movable to- 
15 ward and away from the drive levers 85a and 85b. Re- 
turn springs 103, which are extension springs, are at- 
tached between the drive levers 85a, 85b and the frame 
1 42 in the vicinity of the lift levers 1 02. The return springs 
1 03 urge the drive levers 85a, 85b toward the frame 1 42 
20 so that when the lift levers 102 are not contacting the 
drive levers 85a, 85b, the distal ends of the drive levers 
85a, 85b contact the top surfaces of the adjusting but- 
tons 1 00. The drive levers 85a, 85b are separated from 
the frame 1 42 against the biasing force of the extension 
25 springs by moving the lift lever 1 02 away from the frame 
142, or in an upward direction, while the lift lever 102 is 
in contact with the drive levers 85a, 85b. This separates 
the drive levers 85a, 85b from the adjusting buttons 100. 
The adjusting buttons 1 00 and the adjusting washers 99 
30 are replaced when the drive levers 85a, 85b are sepa- 
rated from the adjusting button 1 00 in this manner. After 
the replacement of the adjusting buttons 100 and the 
adjusting washers 99 is completed, the lift lever 102 is 
returned to its original position. This results in the bias- 
es ing force of the extension springs causing the drive le- 
vers 85a, 85b to contact the upper surfaces of the ad- 
justing buttons. 

[0117] As shown in Figs. 23 and 28, a connection sur- 
face 40a connected with another frame 142 is defined 

40 on the frame 142. A plurality of optical element holding 
apparatuses 1 39 are superimposed with a phase differ- 
ence of 180° between one another by the connection 
surfaces 40a of the frames 1 42 by means of a space 
adjusting spacer. In this state, the lens frame 40 of the 

45 underlying optical element holding apparatus 139 is 
housed in the frame 1 42 of the overlying optical element 
holding apparatus 139. The flexure members 41 of the 
underlying optical element holding apparatus 139 are 
housed in the flexure housing recesses 81 of the frame 

50 142 of the overlying optical element holding apparatus 
139. 

[0118] The operation of the optical element holding 
apparatus 139 will now be discussed. In the optical el- 
ement holding apparatus 139 of the third embodiment, 
55 the lens frame 40, which serve as a support member for 
supporting an optical element 38, and the frame 142, 
which serves as a fixing portion for fixing the lens frame 
40 to a lens barrel module 37a, are connected by the 
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three flexure members 41 . The lens barrel module 37a 
refers to the other superimposed frames 142. Another 
mode of the flexure member 41 of the optical element 
holding apparatus 139 is shown in Fig. 35. As shown in 
Fig. 35, each flexure member 41 has two rigid bodies 
1 06a, 1 06b, rotational pivots 1 07a, 1 07b provided on the 
two ends of the rigid body 1 06b, and rotational pivots 
1 07c, 1 07d provided on the two ends of the rigid body 
106a. In other words, the entire optical element holding 
apparatus 139 includes six rigid bodies and rotational 
pivots provided on the two ends of each rigid body. The 
rotation in three directions refers to the rotations about 
an axis extending through the longitudinal direction of 
each rigid body 106 and two axes perpendicular to the 
axis and to each other. 

[0119] Further, the rigid bodies 106a, 106b are ar- 
ranged so that when a straight line connects the rota- 
tional pivots 107a, 107b of the rigid body 106a and a 
straight line connects the rotational pivots 1 07c, 107d of 
the rigid body 106b (in the present embodiment, there 
are six straight lines since there are three combinations 
of the rigid bodies 106a, 106b), three or more straight 
lines do not intersect the same point. Since the rotational 
pivot 107b at one end of the rigid body 106a and the 
rotational pivot 1 07d of the rigid body 1 07d are arranged 
in the vicinity of each other, it seems as a whole that the 
rotational pivots 1 07b, 1 07d are integral. In other words, 
the two rigid bodies 106a, 107b share the same rota- 
tional pivot. 

[0120] Further, a position adjusting mechanism 108, 
which serves as a distance adjusting mechanism for ad- 
justing the positions of the rigid bodies 1 06a, 1 06b rel- 
ative to the frame 142, is arranged at the other end of 
each of the rigid bodies 1 06a, 1 06b. The position adjust- 
ing mechanism 1 08 displaces the positions of the end 
portions of each rigid body to adjust the distance be- 
tween the frame 142 and the lens frame 40. 
[0121] When comparing the third embodiment with 
the above embodiments, the rigid body 106a corre- 
sponds to the second restriction block 94a and the rigid 
body 1 06b corresponds to the first restriction block 94b. 
Further, the rotational pivot 107a corresponds to the 
second flexure neck portion 89b, the rotational pivot 
107b corresponds to the second flexure neck portion 
89a, the rotational pivot 107c corresponds to the second 
flexure neck portion 89c, and rotational pivot 1 07d cor- 
responds to the second flexure neck portion 89d. The 
third flexure neck portion 89c at one end of the second 
restriction block 94a is connected to the vicinity of the 
fourth flexure neck portion 89d at one end of the first 
restriction block 93a. Thus, as a whole, the two flexure 
neck portions 89c, 89d appears as integral rotational 
pivots 1 07b, 1 07d. Further, the position adjusting mech- 
anism 1 08 corresponds to the adjusting washers 99, the 
adjusting buttons 1 00, the vertical drive levers 85a, the 
horizontal drive levers 85b, the first drive block 95a, and 
the second drive block 96a. 

[0122] For designing reasons, the displacement di- 



rection of each restriction block 93a, 94a is vertical or 
lateral and differs from the diagonal direction of the two 
rigid bodies in the above model but are substantially the 
same when combined. 
5 [0123] The operation of the optical element holding 
apparatus 139 will now be discussed in detail. Fig. 36 
exemplarily shows only the link mechanism 104 of a sin- 
gle flexure body 84. 

[0124] When the tip end portion of the vertical drive 
10 lever 85a is actuated in the vertical direction by a pre- 
determined drive force F1 , the first thin portion 90a con- 
verts the drive force to a rotating moment M1 about the 
radial axis of the optical element 38. The rotating mo- 
ment M1 is converted to linear drive force in the vertical 
is direction of the first flexure neck portion 89a on the ex- 
tension of a center line L1 of the first thin portion 90a via 
the first drive block 95a. The linear drive force is trans- 
mitted to the connection block 84a by means of the first 
restriction block 93a and the fourth flexure neck portion 
20 89d. This moves the optical element 38 in the lens frame 
40 in the optical axis direction. 

[0125] Next, when the tip end portion of the horizontal 
drive levers 85b is actuated in the vertical direction by 
a predetermined drive force F2, the second thin portion 
25 90b converts the drive force to a rotating moment M2 
about the radial axis of the optical element 38. The ro- 
tating moment M2 is converted to linear drive force in 
the horizontal direction of the second flexure neck por- 
tion 89b positioned on the extension of a center line L2 

30 of the second thin portion 90b via the second drive block 
96a. The linear drive force is transmitted to the connec- 
tion block 84a by means of the second restriction block 
94a, the third flexure neck portion 89c, and the fourth 
flexure neck portion 89d. This moves the optical element 

35 38 in the lens frame 40 in the tangential direction. 

[0126] When the tip end portions of the drive levers 
85a, 85b are driven in the vertical direction by the pre- 
determined drive forces F1 , F2, the two drive forces are 
synthesized by the restriction links 93 and 94 and the 

40 third flexure neck portion 89c. A polar coordinate R-G-Z 
system in which the optical axis of the optical element 
38 is the Z axis will now be discussed. The 6 coordinate 
and Z coordinate of the third flexure neck portion 89c 
change in accordance with the movements of the drive 

45 levers 85a and 85b. As the movements of the third flex- 
ure neck portion 89c in the X and Y directions are re- 
stricted by the restriction links 93 and 94, the third flex- 
ure neck portion 89c can slightly rotate about a line L3, 
which connects the first flexure neck portion 89a to the 

50 second flexure neck portion 89b. That is, the third flex- 
ure neck portion 89c has some degree of freedom to 
move in the direction of the R coordinate (the radial di- 
rection of the optical element 38). Therefore, the parallel 
shifts of the polar coordinates 6 and Z of the third flexure 

55 neck portion 89c that is a fixed point with respect to the 
lens frame 40 are restricted to a predetermined position 
and the parallel shift of the polar coordinate R is permit- 
ted. Since the third flexure neck portion 89c is a rota- 
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tional pivot, the third flexure neck portion 89c is free to 
rotate about the polar coordinates R, 6, and Z. 
[0127] The aforementioned movements and restric- 
tions independently occur on each of the three flexure 
bodies 84. Therefore, the freedom of the three fixed 
points (the third flexure neck portions 89c) in two direc- 
tions is restricted. That is : the posture (six degrees of 
freedom) of the lens frame 40 is restricted based on the 
mechanics. As the posture of the lens frame 40 corre- 
sponds 1 : 1 to the movement amounts of the drive le- 
vers 85a, 85b, the posture of the optical element 38 held 
in the lens frame 40 can be adjusted freely without ap- 
plying excessive force and distortion to the optical ele- 
ment 38. 

[0128] The lens frame 40 is supported in the frame 
142 by the individual flexure members 41 in a kinemat- 
ical manner. A polar coordinate system R-Q-Z, in which 
the center of the optical element 38 is the origin , the op- 
tical-axial direction of the optical element 38 is the Z ax- 
is, the radial direction of the optical element 38 is the R 
axis, and the circumferential direction of the optical el- 
ement 38 is the Q axis, will now be discussed. In each 
link mechanism 104, the third flexure neck portion 89c 
is displaceable in the directions of the R, Q and Z axes 
within predetermined ranges. Further, the lens frame 40 
can be tilted in an arbitrary direction with respect to the 
frame 1 42 by properly changing the height of the third 
flexure neck portion 89c in each link mechanism 104 
from the frame 1 42. The lens frame 40 is therefore sup- 
ported on the frame 1 42 in such a way as to be movable 
in the directions of the R, Q, and Z axes and rotatable 
around the R axis, the Q axis, and the Z axis. 
[0129] An example in which the optical element 38 is 
moved within a plane perpendicular to its optical axis by 
the three link mechanisms 104 will now be discussed 
with reference to Fig. 37. If the third flexure neck portion 
89c of a link mechanism 104c is moved to a point MP 
by a predetermined distance, in accordance with the 
movement, the center O of the lens frame 40 moves by 
a distance of 2/3 of the predetermined distance of the 
link mechanism 104c around an intersection IP of tan- 
gential lines TL of the third flexure neck portions 89c of 
link mechanisms 104a, 104b. 

[0130] This is because of the following reasons. The 
positional relationship of four points, namely, the center 
O of the lens frame 40, the third flexure neck portions 
89c of the link mechanisms 104a. 104b, and the inter- 
section IP of the tangential lines TL will now be dis- 
cussed. The four points form two right triangles, which 
have interior angles of 30°, 60° and 90° and are con- 
gruent with each other. When the distance (radius) be- 
tween the center O of the lens frame 40 and each third 
flexure neck portion 89c is set to 1 , the distance between 
the center O of the lens frame 40 and the intersection 
IP is twice the radius. Thus, the distance between the 
intersection IP and the third flexure neck portion 89c of 
the link mechanism 104c is three times the radius. 
Therefore, the center O of the optical element 38 moves 



to a point M P' by a distance of 2/3 of the moving distance 
of the third flexure neck portion 89c of the link mecha- 
nism 1 04c. 

[0131] A description will now be given of the proce- 
5 dures for assembling the optical element holding appa- 
ratus 139. 

[0132] First, as shown in Fig. 38, the base members 
45 of the holders 43 are fastened to the surface of the 
lens frame 40 opposite to the attachment grooves 44 by 

10 bolts, which are not shown. The bearing surface block 
support mechanisms 51 of the base members 45 are 
temporarily secured to the base members 45 by sand- 
wich members 108. Each sandwich member 108 pre- 
vents a load from being unintentionally applied to the 

15 restriction links 57, 58 and the neck portions 55a-55d of 
the associated bearing surface block support mecha- 
nism 51 until the optical element 38 is mounted. 
[0133] Next, the optical element 38 is housed in the 
lens frame 40 and the flange portion 38a of the optical 

20 element 38 is placed on the bearing surfaces 49 of the 
bearing surface blocks 50a of the base members 45. 
The optical element 38 is positioned with respect to the 
lens frame 40 using a centering machine, and the pad 
members 47 and the clamp members 46 are fastened 

25 to the attachment portions 59 of the base members 45 
by the bolts 68. As a result, the flange portion 38a of the 
optical element 38 is held between the bearing surfaces 
49 and the press surfaces 65. Then, the sandwich mem- 
bers 1 08 are separated from the base members 45 and 

30 the postures of the bearing surface blocks 50a are ad- 
justed in accordance with the shape of the flange portion 
38a of the optical element 38 by operating the bearing 
surface block support mechanisms 51 . This holds the 
optical element 38 in a stable state. 

35 [01 34] Next, the optical surface of the optical element 
38 is inspected. When the inspection shows a change 
in the optical surface that is greater than a predeter- 
mined value, the bearing surface block support mecha- 
nisms 51 are temporarily secured by the sandwich 

40 members 1 08 again and the mounting of the optical el- 
ement 38 is performed again. 

[0135] Then, the flexure bodies 84 are securely fas- 
tened to the flexure attaching portions 80 by the bolts 
97, as shown in Fig. 28. Then, shoulder pad members 

45 1 09 are attached in such a way as to sandwich the con- 
nection blocks 84a of the flexure bodies 84. Each shoul- 
der pad member 109 prevents a load from being unin- 
tentionally applied to the restriction links 93, 94, the 
drive links 95, 96, the flexure neck portions 89a-89d, and 

so the thin portions 90a, 90b of the associated flexure body 
84 until the lens frame 40 is assembled. 
[0136] Next, the flexure junction portions 1 77 are fas- 
tened to the connection blocks 84a of the flexure bodies 
84 by the bolts 98 to temporarily fix the lens frame 40 

55 on the frame 142. In this state, the frame 142 is placed 
on the centering machine and rotated during which the 
vibration of the optical axis of the optical element 38 is 
observed. Based on the observation results, the bolts 
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98 are loosened to adjust the position of the lens frame 
40 after which the lens frame 40 is temporarily secured 
again by the bolts 98. This adjustment is repeated until 
the vibration of the optical axis of the optical element 38 
becomes subtle. When the vibration of the optical axis 
of the optical element 38 is substantially eliminated, the 
bolts 98 are fully fastened to fix the lens frame 40 onto 
the frame 142 by means of the flexure bodies 84. 
[0137] Then, the shoulder pad members 1 09 are re- 
moved. This obtains in the optical element holding ap- 
paratus 139 of Fig. 24. The frame 142 is rotated on the 
centering machine again in this state and the table of 
the centering machine is shifted in parallel or tilted to 
completely eliminate the vibrations of the optical axis of 
the optical element 38. In this state, the amount of ec- 
centricity of the outside diameter of the lens frame 40 
and the amount of inclination of the end face thereof that 
are detected by the centering machine are recorded. 
Using those pieces of information, the combination of 
the number of the adjusting washers 99 and the number 
of the adjusting buttons 1 00 that eliminates the eccen- 
tricity amount and the inclination amount is computed 
by a computer based on a special software program. 
Based on the computation results, the adjusting wash- 
ers 99 and the adjusting buttons 1 00 are selectively at- 
tached. Finally, the entire assembly is rotated by the 
centering machine and the vibration of the optical axis 
of the optical element 38 is checked again. 
[0138] Then, the lens barrel 37 is assembled by su- 
perimposing multiple optical element holding appara- 
tuses 139 with phases offset from one another by 180°, 
as shown in Fig. 34. 

[0139] The optical element holding apparatus 139 of 
the third embodiment has the following advantages. 
[0140] (1 ) The lens frame 40, which holds the optical 
element 38, and the frame 1 42 are connected by means 
of the three flexure bodies 84. Each flexure body 84 is 
provided with the drive levers 85a, 85b that produce 
three movements in a coordinate system, which uses 
the center of the optical element 38 as an origin, the 
optical axis direction of the optical element 38 as the Z 
axis, the radial axis as the R axis, and the circumferential 
direction as the Q axis, and rotations about the three 
coordinate axes R, Q, and Z. 

[0141] When predetermined drive forces are applied 
to the drive levers 85a, 85b, each flexure body 84 func- 
tions to give the optical element 38 six degrees of free- 
dom of motion or the three movements along the coor- 
dinate axes R, Q, and Z and three rotations around the 
three axes R, Q, and Z. That is, the optical element 38 
is held in a kinematical manner. Therefore, the flexure 
bodies 84 function to finely adjust the posture of the op- 
tical element 38 and easily and accurately position the 
optical element 38 without having to perform accurate 
machining. 

[0142] (2) The three flexure bodies 84 are arranged 
at equiangular distances around the optical element 38. 
The positioning of the three flexure bodies 84 simplifies 



the structure for positioning the optical element 38 and 
holds the optical element 38 in a stable state. 
[0143] (3) Each of the three flexure bodies 84 has the 
flexure fixing portion 91 , which is fixed to the frame 1 42, 

5 and the connection block 84a, which is connected to the 
lens frame 40. The vertical restriction link 93 and the 
horizontal restriction link 94 are provided to restrict the 
movements of the flexure fixing portion 91 and the con- 
nection block 84a in different directions (the vertical di- 

10 rection and horizontal direction) and to support the flex- 
ure fixing portion 91 and the connection block 84a in a 
manner rotatable in different directions. The flexure fix- 
ing portion 91 and the restriction links 93 and 94 provide 
the connection block 84a with six degree of freedom of 

is motion. This structure permits the optical element 38 to 
be positioned easily and accurately. 
[0144] (4) The horizontal restriction link 94 restricts 
the horizontal movement of the flexure fixing portion 91 
and the connection block 84a and supports the flexure 

20 fixing portion 91 and the connection block 84a rotatable 
in the horizontal direction. The vertical restriction link 93 
restricts the vertical movement of the flexure fixing por- 
tion 91 and the connection block 84a and supports the 
flexure fixing portion 91 and the connection block 84a 

25 rotatable in the vertical direction. The link mechanism 
formed by the horizontal restriction link 94 and the ver- 
tical restriction link 93 simplify the structure of the flexure 
body 84. 

[0145] (5) The flexure fixing portion 91 and the con- 

30 nection block 84a are coupled to the restriction links 93, 
94 by the flexure neck portions 89a-89d. This transmits 
the movement of the restriction links 93, 94 to the flexure 
fixing portion 91 and the connection block 84a with a 
simple structure. 

35 [0146] (6) The drive force in the vertical direction ap- 
plied to the horizontal drive lever 85b is converted to the 
horizontal drive force by the conversion mechanism, 
which includes the second thin portion 90b and the sec- 
ond flexure neck portion 89b. This increases the degree 

40 of freedom of design of the flexure body 84. The vertical 
movement outside the flexure body 84 moves the optical 
element 38 horizontally. When the optical element 38 is 
housed in the lens frame 40, therefore, the conversion 
mechanism is particularly effective. 

45 [0147] (7) The drive force in the vertical direction ap- 
plied to the vertical drive lever 85a is converted to the 
drive force in the vertical direction by the conversion 
mechanism, which includes the first thin portion 90a and 
the first flexure neck portion 89a. The vertical movement 

50 outside the flexure body 84 vertically moves the optical 
element 38. When the optical element 38 is housed in 
the lens frame 40, therefore, the conversion mechanism 
is particularly effective. 

[0148] (8) The flexure fixing portion 91 , the connection 
55 block 84a, and the restriction links 93, 94 are formed by 
a single member. The restriction links 93, 94 are coupled 
to the flexure fixing portion 91 and the connection block 
84a by the neck portions. This forms the link mechanism 
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with a simple structure without increasing the number of 
components. 

[0149] (9) The first thin portion 90a and the first flexure 
neck portion 89a are arranged on the same horizontal 
plane. When a drive force is applied to the vertical drive 
lever 85a, this arrangement prevents the rotational mo- 
ment from being produced at the first flexure neck por- 
tion 89a so that the vertical drive force is accurately con- 
verted to the vertical drive force of the optical element 
38. 

[0150] (1 0) The second thin portion 90b and the sec- 
ond flexure neck portion 89b are arranged on the same 
vertical plane. When a drive force is applied to the hor- 
izontal drive lever 85b, this arrangement prevents the 
rotational moment from being produced at the second 
flexure neck portion 89b so that the vertical drive force 
is accurately converted to the horizontal drive force of 
the optical element 38. 

[0151] (11) Since a movement amount that is less 
than the movement amount at the tip ends of the drive 
levers 85a, 85b is transmitted to the link mechanism of 
the flexure body 84, fine movement of the optical ele- 
ment 38 is possible. In accordance with the reduction in 
the movement amount, the movement amount of the op- 
tical element 38 is accurately controlled. 
[0152] (12) The movement amounts of the drive le- 
vers 85a, 85b are adjusted by the adjusting washers 99 
and the adjusting buttons 1 00. Therefore, the movement 
amounts of the drive levers 85a and 85b do not change, 
and the position of the optical element 38 is accurately 
controlled. 

[0153] (13) The adjusting washers 99 and the adjust- 
ing buttons 100 are arranged between the drive levers 
85a, 85b and the frame 142. The distance between the 
drive levers 85a, 85b and the frame 142 (i.e., the move- 
ment amounts of the drive levers 85a, 85b) are adjusted 
by the quantity of the adjusting washers 99 and adjust- 
ing buttons 1 00. This accurately controls the position of 
the optical element 38 with a simple structure. 
[0154] (14) The optical element 38 is moved in its tan- 
gential direction by operating the horizontal drive lever 
85b, and the optical element 38 is moved in the optical 
axis direction by operating the vertical drive lever 85a. 
Operating the two drive levers 85a, 85b thus easily and 
accurately controls the posture of the optical element 
38. 

[0155] (15) The flexure bodies 84 are arranged be- 
tween adjacent bearing surface blocks 50a. This ar- 
rangement makes the optical element holding appara- 
tus 139 compact. 

[0156] (1 6) The rotational pivots that connect the re- 
striction links 93, 94 are the flexure neck portions 89a- 
89d that have relatively small cross-sectional areas. 
This structure forms the flexure fixing portion 91, the 
connection block 84a, and the restriction links 93, 94 
with an integral member by a simple structure. 
[0157] (17) The drive levers 85a, 85b are urged to- 
ward the frame 142 by the return springs 103. Contact 



of the drive levers 85a, 85b with the adjusting buttons 
100, which result from the urging forces of the return 
springs 1 03, determines the positions of the drive levers 
85a, 85b. That is, the positions of the drive levers 85a 

5 and 85b are determined by the thickness of the adjusting 
washers 99 and the adjusting buttons 100. The adjust- 
ing washers 99 and the adjusting buttons 100 enable 
the positions of the drive levers 85a, 85b to be set more 
accurately compared to when the positions of the drive 

10 levers are determined by the meshed amount of screws. 
[0158] (18) The flexure housing recesses 81, which 
house the flexure bodies 84 of another optical element 
holding apparatus 139, are provided between the ad- 
joining flexure bodies 84. This structure makes the su- 

15 perimposed optical element holding apparatuses 139 
smaller. 

[0159] (19) The flexure housing recesses 81 are ar- 
ranged at positions shifted by 180° with respect to the 
associated flexure bodies 84. Thus, by superimposing 
20 multiple optical element holding apparatuses 139 in a 
state shifted from one another by 180°, the superim- 
posed optical element holding apparatuses 1 39 become 
compact. 

[01 60] (20) The connection surface 40a, which is con- 

25 nected to the frame 1 42 of another optical element hold- 
ing apparatus 139, is defined on the end face of the 
frame 142. The arrangement of the space adjusting 
spacer between the connection surfaces 40a enables 
the adjustment of the positions of the optical element 

30 holding apparatuses 139 relative to each other. That is, 
the space adjusting spacer enables rough adjustment 
of the positions of the optical element held by the optical 
element holding apparatuses 139. Afterward, the drive 
levers 85a, 85b of the optical element holding appara- 

35 tuses 139 are driven and the thickness of the adjusting 
washers and the adjusting buttons is changed to move 
the optical element to a target position. The space ad- 
justing spacer may be annular so that its shape is gen- 
erally the same as the connection surfaces. The spacer 

40 may also be divided into a number of portions (e.g., 
washers) to be arranged at a plurality of locations on the 
connection surfaces. 

[0161] (21) In each lens barrel module 420, a plurality 
of optical elements 38 are held by the optical element 
45 holding apparatuses 1 -39. The optical elements 38 in 
each lens, barrel module 420 are accurately positioned, 
thus improving the imaging performance of the entire 
lens barrel 37. 

[0162] (22) The exposure apparatus 31 performs ex- 
50 posure using the projection optical system 35 that in- 
cludes the lens barrel 37, in which the optical element 
38 is held by the optical element holding apparatus 1 39. 
This improves the imaging performance of the projec- 
tion optical system 35 and improves the exposure ac- 
55 curacy. 

[0163] (23) In the exposure apparatus 31, the drive 
levers 85a, 85b, which drive the flexure member 41 , is 
arranged between the lens frame 40, which supports the 
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optical element 38, and the frame 142. Thus, the actu- 
ation of the drive levers 85a, 85b enables the movement 
of the optical element 38 with the six degrees of freedom 
of motion. Accordingly, the frame 1 42 and the lens frame 
40 do not have to be machined accurately, and the po- 
sitioning of the optical element 38 is performed easily 
and accurately. 

[0164] (24) In the exposure apparatus 31 , the three 
flexure members 41 each have the first restriction block 
93a and the second restriction block 94a, which are rigid 
bodies having a predetermined length. The lens frame 
40 is supported on the frame 142 by six rigid bodies in 
total. In addition, each rigid body has the six degrees of 
freedom of motion. This enables precession relative to 
the frame 142. Thus, the optical element supported by 
the lens frame 40 may be supported in a kinematical 
manner in a three-coordinate axis system R-6-Z, the 
center of which is the origin, the radial direction of which 
is R, the circumferential direction of which is G, and the 
optical axis direction of which is Z. 
[0165] (25) In the exposure apparatus 31 , the flexure 
member 41 has the position adjusting mechanism 108, 
which adjusts the distance between the lens frame 40 
and the frame 142. The adjustment of the distance be- 
tween the lens frame 40 and the frame 1 42 enlarges the 
movement range of the optical element 38. The usage 
of this to correct the residual aberration significantly im- 
proves the imaging performance of the projection optical 
system 35 and improves the exposure accuracy of the 
exposure apparatus 31 . 

[0166] (26) In the exposure apparatus 31 , the drive 
levers 85a, 85b, which are attached to the drive levers 
85a, 85b of the flexure body 84 of the threeflexure mem- 
bers 41 , are displaced to displace the flexure body 84. 
The displacement of the flexure body 84 positions the 
optical element 38. By using the flexure members 41 to 
move the optical element 38, unpredicted distortion is 
prevented from occurring in the optical element 38. Ac- 
cordingly, the optical element 38 may accurately be 
moved while maintaining the accuracy of the optical el- 
ement 38. 

[0167] (27) When a certain object is held on a prede- 
termined fixed portion by six rigid bodies in a kinematical 
manner, a kinematical unique point is produced when 
three or more extension lines of the six rigid bodies in- 
tersect at the same point. The object is held in an un- 
stable manner at the unique point causing accurate po- 
sitioning of the object to be difficult. In comparison, in 
the exposure apparatus 31, presuming that six lines 
connect the flexure neck portions 89a-89d at the two 
ends of each restriction block 93a, 94a, which define the 
rigid body of each flexure member 41 , three or more 
lines do not intersect at the same point. Thus, the posi- 
tioning of the optical element 38 is performed without 
producing a kinematical unique point. 



(Fourth Embodiment) 

[0168] An optical element holding apparatus accord- 
ing to a fourth embodiment of the present invention will 

5 now be discussed with reference to Figs. 40-42 center- 
ing on parts differing from the first embodiment. 
[0169] Fig. 40 is a perspective view schematically 
showing an optical element holding apparatus 1 21 of the 
fourth embodiment. As shown in Fig. 40, in the optical 

10 element holding apparatus 1 21 , a lens frame 1 22, which 
holds an optical element 38, is held on a frame 124 by 
six independent (five shown in the drawing) rigid bodies 
123. 

[0170] Fig. 41 is a cross-sectional view of the rigid 

15 body 123, Fig. 42 is a cross-sectional view taken along 
line 42-42 in Fig. 21. As shown in Figs. 41 and 43, the 
rigid body 123 is formed by a metal square pillar, and 
notched rotational pivots 125, the structure of which is 
the similar to the flexure neck portions 89a-89d of the 

20 third embodiment, are formed near the ends of the rigid 
body 123. One end of each rigid body 123 is directly 
fixed to the frame 124 and the other end is fixed to the 
frame body 1 22 by an attaching member 1 26. When pre- 
suming there are six lines connecting the rotational piv- 

25 ots 1 25 at the ends of each rigid body 1 23, the six rigid 
bodies 1 23 are also arranged so that three or more lines 
do not intersect at the same point. 
[0171] In addition to advantages (1), (5), (8), (22), (24, 
and (27), the fourth embodiment having the above struc- 

30 ture has the following advantages. 

(Fifth Embodiment) 

[01 72] An optical element holding device according to 
35 a fifth embodiment of the present invention will now be 
discussed centering on parts differing from each of the 
above embodiments. As schematically shown in Fig. 43, 
in an optical element holding apparatus 131 of the fifth 
embodiment, the lens frame 122 of the optical element 
40 holding apparatus 1 21 of the fourth embodiment is elim- 
inated. A bearing surface block mechanism or a clamp 
member is attached to one of the ends of the rigid body 
123 to directly clamp the optical element 38. 
[0173] This also obtains the same advantages as the 
45 optical element holding apparatus 1 21 of the fourth em- 
bodiment. 

(Sixth Embodiment) 

so [0174] An optical element holding apparatus accord- 
ing to a sixth embodiment of the present invention will 
now be discussed centering on parts differing from each 
of the above embodiments. 

[0175] Fig. 44 is a perspective view schematically 
55 showing an optical element holding apparatus 1 36 of the 
sixth embodiment. As shown in Fig. 44, in the optical 
element holding apparatus 136, the position adjusting 
mechanism 108 of the optical element holding appara- 
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tus 139 of the third embodiment is eliminated. More spe- 
cifically, in the optical element holding apparatus 139 of 
the third embodiment, in the optical element holding ap- 
paratus 139 of the third embodiment, the vertical drive 
lever 85a,. the horizontal drive lever 85b, the adjusting 
washers 99 and the adjusting buttons 1 00, which adjust 
the displacement of the two drive levers 85a, 85b, and 
their peripheral structure are eliminated. 
[0176] In such structure, when the optical element 38 
is placed on the lens frame 40, the flexure member 41 
functions to obtain the six degrees of freedom of motion, 
which include the three movements along the polar co- 
ordinate system R-6-Z and rotations about the three co- 
ordinate axes R, e, Z. Accordingly, the optical element 
38 is held on the frame 142 in a kinematical manner. 
Further, although the range of position adjustment of the 
optical element 38 is narrowed, the same advantages 
as the optical element holding apparatus 139 of the third 
embodiment is obtained. 

(Seventh Embodiment) 

[0177] An optical element holding apparatus accord- 
ing to a seventh embodiment of the present invention 
will now be discussed centering on the parts differing 
from the above embodiments. 

[0178] Fig. 45 is a perspective view schematically 
showing an optical element holding apparatus 1 41 of the 
seventh embodiment 141. As shown in Fig. 45, the op- 
tical element holding apparatus 141 differs from the op- 
tical element holding apparatus 121 of the fourth em- 
bodiment in that the shape of a rigid body 146 is 
changed and a length adjusting mechanism 143, which 
functions as a distance adjusting mechanism, is ar- 
ranged at the middle of each rigid body 146. Further, 
rotational pivots 144 located on the ends of two rigid 
bodies 146 are arranged in the vicinity of each other so 
that two rigid bodies 1 46 share the same rotational pivot. 
[0179] Fig. 46 is a cross-sectional view of one of the 
rigid bodies 146. Fig. 47 is a cross-sectional view taken 
along line 27-27 in Fig. 46. Referring to Figs. 46 and 47, 
the rigid body 146 is made of a metal cylinder, and ro- 
tational pivots 144, which is formed by an annular 
groove having a generally U-shaped cross-section, are 
formed near the two ends of the rigid body 146. The ro- 
tational pivot 144 functions in the same manner as the 
flexure neck portions 89a-89d of the third embodiment. 
The rotational pivot 1 44 of another rigid body 1 46 is con- 
nected to the vicinity of the rotational pivot. One end of 
each rigid body 146 is directly fixed to the frame 124, 
which serves as a fixed portion, and the other end is 
fixed to the lens frame 1 22 by an attaching member 1 26. 
[0180] The length adjusting mechanism 143, which is, 
for example, a piezo-element, is connected to a main 
control apparatus, which serves as a control apparatus 
fro controlling the operation of the entire exposure ap- 
paratus 31 . The main control apparatus 145 detects the 
aberration information of the projection optical system 



35 based on the image of the pattern on the reticle Rt 
formed on an image surface of the projection optical sys- 
tem 35 of the exposure apparatus. Further, the main 
control apparatus 145 receives information of the ex- 

5 panded length of the length adjusting mechanism 143 
from the length adjusting mechanism 143 and obtains 
the distance between the lens frame 1 22 and the frame 
124 from the expanded length information. This adjusts 
the distance between the lens frame 1 22 and the frame 

10 1 24 and corrects the aberration of the projection optical 
system 35. 

[0181] In addition to advantages (1), (5), (8), (22), (24, 
and (27), the fourth embodiment having the above struc- 
ture has the following advantages. 
15 [0182] (28) In the optical element holding apparatus 
141, the main control apparatus 145 detects the dis- 
tance between the lens frame 122 and the frame 124. 
The main control apparatus 145 controls the length ad- 
justing mechanism 143 to adjust the distance between 
20 the lens frame 1 22 and the frame 1 24 based on the de- 
tection result and the aberration information included in 
the image of the pattern formed on the image surface 
side of the projection optical system 35. 
[0183] Thus, the residue aberration in the projection 
25 optical system 35 is accurately corrected. This further 
improves the exposure accuracy. In addition, since a pi- 
ezo-element is employed as the length adjusting mech- 
anism 1 43, the distance between the lens frame 1 22 and 
the frame 124 is electrically adjusted in real time, and 
30 the aberration of the projection optical system 35 is cor- 
rected by having the aberration follow changes in the 
state of the projection optical system 35. 
[0184] (29) In the optical element holding apparatus 
141 , the distance between the lens frame 122 and the 
35 frame 1 24 is adjusted by adjusting the length of the rigid 
bodies 146, which connect the lens frame 122 and the 
frame 124, with the length adjusting mechanism 143. 
Thus, the distance between the lens frame 122 and the 
frame 1 24 is adjusted with a simple structure and the 
40 range of the vertical movement and tilting movement of 
the optical element is enlarged. 

[01 85] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
45 scope of the invention. Particularly, it should be under- 
stood thatthe present invention may be embodied in the 
following forms. 

[0186] In the third embodiment, the amounts of move- 
ment of the drive levers 85a and 85b may be set by us- 
50 jng, for example, piezo-actuators in place of the adjust- 
ing washers 99 and adjusting buttons 100. The posture 
of the optical element 38 may be controlled in real time 
by using a sensor, which detects the position of the lens 
frame 40. 

55 [01 87] In the third embodiment, the optica! element 38 
may be held by the lens frame 40 without using the hold- 
ers 43. 

[0188] The optical element 38 may be a plane parallel 
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plate, a mirror, or a half mirror instead of a lens. Further, 
a polarizing member, which polarizes exposure light, or 
a reflection optical member having a reflection surface, 
which reflects exposure light, may be used as well. 
[0189] The present invention may be adapted to an 
optical element holding apparatus in the illumination op- 
tical system 33 of the exposure apparatus 31 or to an 
optical element holding apparatus, which holds an opti- 
cal element upright. Further, the invention may be 
adapted to an optical element holding apparatus in an 
optical system of an optical machine, such as a micro- 
scope or an interferometer. 

[0190] The present invention may be adapted to the 
optical system of a contact exposure apparatus, which 
exposes the pattern of a mask by having a mask and a 
substrate come into close contact, or a proximity expo- 
sure apparatus, which exposes the pattern of a mask by 
having a mask and a substrate arranged in the proximity 
of each other. The projection optical system is not limited 
to a full refraction type but may be a reflection refraction 
type as well. 

[0191] The present invention may be adapted to an 
exposure apparatus of an equal magnification type or 
an exposure apparatus of an enlargement type as well 
as a reduction exposure type exposure apparatus. 
[0192] The present invention may also be adapted to 
an exposure system that transfers a circuit pattern onto 
a glass substrate or a silicon wafer from a mother reticle 
in order to produce a reticle or mask, which is used in a 
light exposure apparatus, an EUV exposure apparatus, 
an X-ray exposure apparatus, or an electron-beam ex- 
posure apparatus. The exposure apparatuses that use 
deep ultraviolet rays (DUV) or vacuum ultraviolet rays 
(VUV) usually use a transmission reticle substrate. 
Quartz glass, fluorine-doped quartz glass, fiuorite, mag- 
nesium fluoride, or crystal or the like are used as the 
reticle substrate. A proximity type X-ray exposure appa- 
ratus and electron-beam exposure apparatus use a 
transmission mask substrate (stencil mask or mem- 
brane mask). A silicon wafer is used as the mask sub- 
strate. 

[01 93] The present invention may be adapted not only 
to an exposure apparatus, which is used to fabricate 
semiconductor devices, but also to an exposure appa- 
ratus, which is used to manufacture displays including 
a liquid crystal display (LCD) and transfers a device pat- 
tern onto a glass plate. The invention may also be adapt- 
ed to an exposure apparatus, which is used to produce 
thin-film magnetic heads and which transfers a device 
pattern onto a ceramic wafer, and an exposure appara- 
tus which is used to fabricate imaging devices, such as 
CCDs. 

[0194] The present invention may be adapted to a 
scanning stepper, which transfers the pattern of a mask 
on a substrate with the mask and substrate being moved 
relatively and moves the substrate step by step. The 
present invention may also be adapted to a step and 
repeat type stepper, which transfers the pattern of a 



mask on a substrate without moving the mask and sub- 
strate and which moves the substrate step by step. 
[0195] The exposure apparatus may use a light 
source, such as g rays (436nm), i rays (365nm), a KrF 
5 excimer laser (248nm), F 2 laser (157nm), Kr 2 laser 
(146nm), and Ar 2 laser (126nm). Further, harmonic 
waves, which are obtained by amplifying the single- 
wavelength laser beam of the ultraviolet range or visible 
range emitted from a DFB semiconductor laser or a fiber 
10 laser using an erbium-doped (or erbium-yttrium-doped) 
fiber amplifier and converting the amplified laser beam 
to violet rays using a non-linear optical crystal. 
[0196] The exposure apparatus 31 may be manufac- 
tured as follows. 
15 [0197] First, at least some optical elements 38, such 
as a plurality of lenses or mirrors forming the illumination 
optical system 33 and the projection optical system 35, 
are held by the optical element holding apparatuses 39, 
139, the illumination optical system 33 and the projec- 
20 tion optical system 35 are incorporated in the body of 
the exposure apparatus 31 , and optical adjustment is 
performed. Then, the wafer stage 36 that includes mul- 
tiple mechanical components (including the reticle stage 
34 when using a scan type exposure apparatus) are at- 
25 tached to the body of the exposure apparatus 31 and 
wires are connected. Then, a gas supplying pipe for sup- 
plying gas into the optical path of the exposure light EL 
is connected and the total adjustment (electric adjust- 
ment, operational check or the like) is performed. 
30 [0198] The individual components of the optical ele- 
ment holding apparatus 39 are assembled after impuri- 
ties, such as machining oil or metal substances, are 
cleaned off through ultrasonic cleaning or the like. It is 
desirable that the exposure apparatus 31 should be 
35 manufactured in a clean room where the temperature, 
humidity and atmospheric pressure are controlled and 
the degree of cleanness is adjusted. 
[0199] The glass material in the embodiments is not 
limited to fiuorite and quartz glass, but may be a crystal, 
40 such as lithium fluoride, magnesium fluoride, strontium 
fluoride, lithium-calcium-aluminum-fluoride or lithium- 
strontium-aluminum-fluoride; fluoride glass of zirconi- 
um-barium-lantern-aluminum; and modified quartz, 
such as fluorine-doped quartz glass, fluorine-hydrogen- 
45 doped quartz glass, quartz glass containing an OH 
group or quartz glass containing fluorine and an OH 
group. 

[0200] A description will now be given of a method of 
fabricating a device through a lithography process using 

so the exposure apparatus 31 . 

[0201] Fig. 48 is a flowchart illustrating a process of 
fabricating a device (a semiconductor device, such as 
IC or LSI, a liquid crystal display, an image pickup device 
(CCD), a thin-film magnetic head ,and a micro ma- 

55 chine). As shown in Fig. 48, first, the design (e.g., circuit 
design of a semiconductor device) of the functions and 
performance of a device (micro device) is performed 
and the pattern design that accomplishes the functions 
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is carried out in step S1 51 (design step). In the next step 
S152 (mask producing step), a mask (reticle R or the 
like) on which the designed circuit pattern is formed is 
produced. In step S153 (substrate producing step), a 
substrate (wafer W when a silicon material is used) is 
produced using a material, such as silicon or glass plate. 
[0202] In the next step S154 (substrate processing 
step), a circuit is formed on the substrate through the 
lithography technology using the mask and substrate 
prepared in steps S151 to S153. Then, a device is as- 
sembled in step S155 (device assembling step) using 
the substrate processed in step S154. In step S155, 
steps, such as a dicing step, a bonding step, and a pack- 
aging step (chip packaging or the like), are executed as 
needed. 

[0203] Finally, inspection of the device manufactured 
in step S155, such as an operational test and durability 
test, is performed in step S156 (inspection step). 
Through the above steps, the device is completed. 
[0204] Fig. 49 is a detailed flowchart of step S154 of 
Fig. 48 in the fabrication of a semiconductor device. In 
Fig. 40, the surface of the wafer W is oxidized in step 
S161 (oxidizing step). In step S162 (CVD step), an in- 
sulating film is formed on the surface of the wafer W. In 
step S163 (electrode forming step), electrodes are 
formed on the wafer W by vapor deposition. In step S 1 64 
(ion implanting step), ions are implanted in the wafer W. 
Steps S1 61 to S164 are a pre-process of the individual 
stages of the wafer process and are selectively execut- 
ed in accordance with the required process at each 30 
stage. 

[0205] When the pre-process is finished at each stage 
of the wafer process, a post-process is executed as fol- 
lows. In the post-process, first, a photosensitive agent 
is applied to the wafer W in step S165 (resist forming 35 
step). Subsequently, the circuit pattern of a mask (reticle 
R) is transferred onto the wafer W by a lithography sys- 
tem (exposure apparatus 31) in step S166 (exposure 
step). Next, the exposed wafer W is developed in step 
S167 (developing step), and an exposed member at a *o 
portion excluding the resist-remaining portion is re- 
moved through etching in step S168 (etching step). In 
step S169 (resist removing step), unnecessary resist is 
removed. The pre-process and post-process are re- 
peated to form multiple circuit patterns on the wafer W. *s 
[0206] In the device fabrication method, the exposure 
apparatus 31 is used in the exposure step (step S166) 5. 
so that the degree of the resolution by the exposure light 
EL of the ultraviolet range is improved. Further, the ex- 
posure control is executed with high accuracy. This en- 
sures production of high-integration devices with the 
minimum line width of about 0.1 urn and increases the 
yield. 



Claims 

1 . An optical element holding apparatus (39) provided 



with a holding portion (43) for holding a peripheral 
portion of an optical element, characterized in that 
the holding portion includes: 

5 a bearing surface block (50a, 73) having a bear- 

ing surface (49, 92), which contacts the periph- 
eral portion of the optical element; and 
a bearing surface block support mechanism 
(51) for rotatably supporting the bearing sur- 
10 face block about a tangential axis (Y) of the op- 

tical element. 

2. The optical element holding apparatus according to 
claim 1 , characterized in that the bearing surface 

15 block support mechanism rotatably supports the 
bearing surface block about a radial axis (X) of the 
optical element. 

3. The optical element holding apparatus according to 
20 claim 2, characterized in that the bearing surface 

block support mechanism movably supports the 
bearing surface block in a radial direction of the op- 
tical element. 

25 a An optical element holding apparatus character- 
ized by: 

a holding portion (43) for holding a peripheral 
portion of an optical element; and 
a fastening portion (42) to which the holding 
portion is fastened; 

wherein the holding portion includes: 

a bearing surface block (50a, 73) having a bear- 
ing surface (49, 92) that contacts the peripheral 
portion of the optical element; 
a base portion (56) fixed to the fastening por- 
tion; and 

a pair of link mechanisms (57, 58) for restricting 
movements of the bearing surface block rela- 
tive to the base portion in a plurality of different 
directions and for connecting the base portion 
and the bearing surface block rotatably about 
each axis of the plurality of different directions. 

The optical element holding apparatus according to 
claim 4, characterized in that the pair of link mech- 
anisms include: 

a tangential restriction link (57) for restricting 
movement of the bearing surface block related 
with a tangential direction of the optical element 
and for connecting the bearing surface block ro- 
tatably about a tangential axis (Y); and 
an optical axis direction restriction link (58) for 
restricting movement of the bearing surface 
block related with an optical direction of the op- 
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tical element and for connecting the bearing 
surface block rotatably about an axis (Z) in the 
direction of the optical axis. 

6. The optical element holding apparatus according to 
claim 4 or 5, characterized in that the holding por- 
tion includes rotational pivots (55a, 55b, 55c, 55d) 
connecting the base portion, the bearing surface 
block, and the pair of link mechanisms to one an- 
other. 

7. The optical element holding apparatus according to 
claim 6, characterized in that the rotational pivots 
are arranged along or in the vicinity of a line that is 
parallel to a normal line perpendicular to the bearing 
surface and extends through a middle position of 
the bearing surface. 

8. The optical element holding apparatus according to 
claim 6 or 7, characterized in that the bearing sur- 
face block is formed integral with the pair of link 
mechanisms, the rotational pivots and the fixed por- 
tion. 

9. The optical element holding apparatus according to 
any one of claims 1 to 8, characterized in that the 
bearing surface block has a plurality of bearing sur- 
faces (39) formed to have a predetermined length 
in a tangential direction of the optical element and 
arranged at predetermined intervals. 

10. The optical element holding apparatus according to 
any one of claims 1 to 8, characterized in that the 
bearing surface block has a bearing surface (92) 
formed to have a predetermined length in a tangen- 
tial direction of the optical element and having ap- 
proximately the same length as a longitudinal length 
of the bearing surface block. 

11. The optical element holding apparatus according to 
any one of claims 1 to 1 0, characterized in that the 
bearing surface has undergone a process of in- 
creasing a coefficient of friction with respect to the 
optical element. 

12. A lens barrel (37) for accommodating a plurality of 
optical elements (38), characterized in that an op- 
tical element holding apparatus (39) according to 
any one of claims 1 to 11 is provided for holding at 
least one of the plurality of optical elements. 

13. A lens barrel (37) having at least one lens barrel 
module (420) for accommodating one or more op- 
tical elements (38), characterized in that: 

the at least one lens barrel module is provided 
with an optical element holding apparatus (39) 
according to any one of claims 1 to 11 for hold- 



ing at least one of the plurality of optical ele- 
ments. 

14. An exposure apparatus (31) for transferring an im- 
5 age of a pattern formed on a mask (R) onto a sub- 
strate (W) through a projection optical system (35), 
the exposure apparatus being characterized in 
that: 

10 the projection optical system has a lens barrel 

(37) which accommodates a plurality of optical 
elements (38); and 

the lens barrel is provided with an optical ele- 
ment holding apparatus (39) according to any 
15 one of claims 1 to 11 for holding at least one of 

the plurality of optical elements. 

15. A holding apparatus characterized by: 

20 a holding portion (42) for holding a member to 

be held (38), 

wherein the holding portion includes a drive 
mechanism (85a 3 85b, 108, 143) for providing the 
25 member to be held with three movements along 
three coordinate axes (R, 6, Z) with an origin being 
substantially the center of the member to be held 
and two rotations about at least two coordinate axes 
of the three coordinate axes. 

30 

16. The holding apparatus according to claim 1 5, char- 
acterized in that: 

the holding portion includes a support member 
35 for supporting the member to be held and a fas- 

tening portion (142, 124) to which the holding 
portion is fastened; 

wherein the drive mechanism is arranged be- 
40 tween the support member and the fastened por- 
tion. 

17. The holding apparatus according to claim 1 6, char- 
acterized in that the drive mechanism has six rigid 

45 bodies (93a, 94a, 106a, 106b, 123, 142) having a 
predetermined length. 

18. The holding apparatus according to claim 1 7, char- 
acterized by a distance adjusting mechanism (1 08, 

so 1 43) for adjusting the distance between the support 
member and a fastened portion. 

19. The holding apparatus according to claim 1 8, char- 
acterized in that the distance adjusting mecha- 

55 nism includes a length adjusting mechanism (143) 
which adjusts the length of a certain rigid body of 
the six rigid bodies. 
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20. The holding apparatus according to claim 15, char- 
acterized in that the drive mechanism includes a 
plurality of flexure members (41) connected to the 
member to be held, and a displacement member 
(99, 100) connected to at least one of the plurality 5 
of flexure members which displace the flexure 
members to provide the member to be held with the 
three movements and the two rotations. 

21 . The holding apparatus according to claim 20, char- 10 
acterized in that the flexure members include three 
flexure members arranged at equal intervals 
around the member to be held. 

22. The holding apparatus according to claim 20 or 21 , is 
characterized in that the at least one flexure mem- 
ber includes: 

a base portion (91 ) fixed to the connecting por- 
tion; 20 
a connection block (84a) connected to the 
member to be held; and 
a pair of link mechanisms (93, 94) for restricting 
movements of the fastened portion and the 
connection block in a plurality of different direc- 25 
tions and for rotatably supporting the fastened 
portion and the connection block about axes of 
the plurality of different directions. 

23. The holding apparatus according to claim 22, char- 30 
acterized in that the pair of link mechanisms in- 
cludes: 



24. The holding apparatus according to claim 22 or 23, 
characterized in that the at least one flexure mem- 50 
ber includes rotational pivots (89a, 89b, 89c, 89d) 
which connects the fastened portion, the connec- 
tion block, and the pair of link mechanisms. 

25. The holding apparatus according to claim 23 or 24, 55 
characterized in that the at least one flexure mem- 
ber includes a conversion mechanism (90a, 90b) 
which converts drive force applied to the displace- 



ment member in a predetermined direction to drive 
force in a direction differing from the predetermined 
direction. 

26. The holding apparatus according to claim 25, char- 
acterized in that the conversion mechanism con- 
verts drive force, which is applied to the displace- 
ment member in a direction perpendicular to the 
member to be held, to a drive force, which is hori- 
zontal to the member to be held. 

27. The holding apparatus according to claim 25, char- 
acterized in that the at least one flexure member 
converts drive force, which is applied to the dis- 
placement member in a first perpendicular direction 
with respect to the member to be held, to a second 
perpendicular direction, which differs from the first 
perpendicular direction, with respect to the member 
to be held. 

28. The holding apparatus according to any one of 
claims 23 to 27, characterized in that the base por- 
tion, the connection block, and the pair of link mech- 
anisms are formed from a single member, and the 
at least one flexure member includes a plurality of 
link notch springs (89a, 89b, 89c, 89d), formed from 
the single member to link the base portion, the con- 
nection block, the horizontal restriction and vertical 
restriction link. 

29. The holding apparatus according to claim 28, char- 
acterized in that: 

the conversion mechanism includes a plurality 
of conversion notch springs (90a, 90b) formed 
on the base portion; and 

the plurality of link notch springs include a first 
link notch spring (89a) connected to the inter- 
secting direction restriction link (93), the plural- 
ity of conversion notch springs include a first 
conversion notch spring (90a) used to convert 
drive force, which is applied to the drive mech- 
anism in a first perpendicular direction with re- 
spect to the member to be held, to a second 
perpendicular direction, which differs from the 
first perpendicular direction with respect to the 
member to be held, and the first link notch 
spring and the first conversion notch spring are 
arranged on the same plane that is horizontal 
to the member to be held. 

30. The holding apparatus according to claim 29, char- 
acterized in that the plurality of link notch springs 
include a second link notch spring (89d) which con- 
nects the connection block to the intersecting direc- 
tion restriction link (93), wherein the first and second 
link notch springs are arranged on the same plane 
that is perpendicular to the member to be held. 



20 



25 



a horizontal restriction link (94) for restricting 
movements of the base portion and the connec- 35 
tion block in a horizontal direction and for rotat- 
ably connecting the base portion and the con- 
nection block about an axis (Y) in the horizontal 
direction; and 

an intersecting direction restriction link (93) for *o 
restricting movements of the fastened portion 
and the connection block in a direction inter- 
secting the horizontal direction of the fastened 
portion and the connection block and for rotat- 
ably connecting the fastened portion and the *s 
connection block about an axis (Z) in the inter- 
secting direction. 
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31. The holding apparatus according to any one of 
claims 22 to 30, characterized by a transmission 
portion (85a, 85b) connected to the pair of link 
mechanisms to transmit drive force to the pair of link 
mechanisms. 

32. The holding apparatus according to claim 31 , char- 
acterized in that the application of drive force 
moves the transmission portion and the pair of link 
mechanisms, and the transmission portion is elon- 
gated so that a movement amount of the pair of link 
mechanisms is smaller than a movement amount of 
the transmission portion. 

33. The holding apparatus according to claim 32 : char- 
acterized by a moving amount determining mem- 
ber (99, 1 00) for determining the movement amount 
of the transmission portion. 

34. The holding apparatus according to claim 28, char- 
acterized in that the holding apparatus is arranged 
on a support member (142) which supports the 
holding apparatus, and the moving amount deter- 
mining member is arranged facing the transmission 
portion on the support member (142). 

35. An optical element holding apparatus character- 
ized by: 

a holding member (40) for holding a peripheral 
portion of an optical element (38); 
three flexure members (41 ) for holding the hold- 
ing member at three locations; and 
first and second manipulation members (85a, 
85b), connected to at least one of the flexure 
members to manipulate the at least one flexure 
member, wherein the manipulation member is 
held such that manipulation of the first manip- 
ulation member causes the at least one flexure 
member to move the optical element in a first 
direction and such that manipulation of the sec- 
ond manipulation member causes the at least 
one flexure member to move the optical ele- 
ment in a second direction that differs from the 
first direction. 



a holding apparatus according to any one of 
claims 1 5 to 34 for holding the holding member. 

38. The optical element holding apparatus according to 
5 any one of claims 35 to 37, characterized in that 

the holding portion (43) has a plurality of bearing 
surface blocks (50a) each having a bearing surface 
(49), which contacts the peripheral portion of the op- 
tical element, and each of the flexure members is 
w arranged between adjoining bearing surface 
blocks. 

39. A lens barrel (37) having at least one lens barrel 
module (420) for accommodating one or more op- 

15 tical elements (38), the lens barrel being character- 
ized in that: 

the at least one lens barrel module is provided 
with an optical element holding apparatus (1 39) 
20 according to any one of claims 35 to 38 which 

holds the one or more optical elements. 

40. An exposure apparatus (31) for transferring an im- 
age of a pattern formed on a mask (R) onto a sub- 

25 strate (W) through a projection optical system (35), 
the exposure apparatus being characterized in 
that 

the projection optical system has a lens barrel 
(37) which accommodates a plurality of optical ele- 
30 ments (38); and 

the lens barrel (37) is provided with an optical 
element holding apparatus (139) according to any 
one of claims 35 to 38 to hold at least one of the 
plurality of optical elements. 

35 

41. The exposure apparatus according to claim 40, 
characterized in that the optical element holding 
apparatus includes a control mechanism (145) 
which controls the drive mechanism to detect the 

40 distance between the holding portion and the fas- 
tening portion and to adjust the distance between 
the holding portion and the fastening portion based 
on the detection result and aberration information 
included in an image of the pattern formed on an 

45 image surface side of the projection optical system. 



36. The optical element holding apparatus according to 
claim 35, characterized in that the first direction is 
a tangential direction of the optical element, and the 
second direction is an optical axis direction of the 
optical element. 

37. An optical element holding apparatus (139) char- 
acterized by: 

a holding member (40) including a holding por- 
tion (43) for holding a peripheral portion of an 
optical element (38); and 
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